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INTRODUCTION 


The  Division  of  Cancer  Biology  and  Diagnosis  includes  both  an  Intra- 
mural and  an  Extramural  Program.   A  close  coordination  is  maintained  with 
other  Divisions  of  NCI  in  areas  of  common  interest.   The  Intramural  Program 
covers  three  broad  areas:   Cancer  Biology,  Immunology  and  Clinical  Research. 
Research  in  cancer  biology  is  the  primary  concern  of  the  Laboratories  of 
Molecular  Biology,  Biochemistry,  Pathophysiology  and  Theoretical  Biology. 
The  Intramural  Immunology  Program  consists  of  the  Immunology  Branch  and 
the  Laboratories  of  Immunobiology ,  Immunodiagnosis ,and  Cell  Biology.   The 
clinical  research  is  carried  out  in  the  Metabolism  and  Dermatology  Branches 
and  the  Laboratory  of  Pathology. 

The  Associate  Director  for  Extramural  Research  Program  manages  three 
Branches  which  span  four  programs:   Tumor  Biology,  Immunology,  Breast  Cancer 
and  Cancer  Diagnosis.   The  report  for  this  area  is  given  in  the  second 
volume.   Both  contract  and  grant  funded  research  is  included  in  this  program. 

This  year  a  reorganization  of  the  NCI  was  approved.   In  the  DCBD  it 
results  in  a  clear  separation  of  the  Intramural  Program  from  the  Extramural 
Program.   The  new  organizational  chart  is  shown  on  the  next  page. 
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This  report  will  cover  three  parts:   Basic  Biology  (Laboratories  of  Biochem- 
istry, Molecular  Biology,  Theoretical  Biology  and  Pathophysiology) ,  Immu- 
nology (Immunology  Branch,  the  Laboratories  of  Immunobiology ,  Immunodiag- 
nosis,  Cell  Biology  and  the  Metabolism  Branch)  and  the  clinical  area  covering 
the  Dermatology  Branch  and  Laboratory  of  Pathology. 

Dr.  Maxine  Singer  became  Chief  of  the  Laboratory  of  Biochemistry  after 
Dr.  Goldberger  became  the  Deputy  Director  for  Science  of  NIH  this  year. 
The  Laboratory  is  divided  into  the  following  sections:   Biochemistry  of 
Gene  Expression  Section,  Biosynthesis  Section,  Cellular  Regulation  Section, 
Developmental  Biochemistry  Section,  Macromolecular  Interaction  Section, 
Nucleic  Acid  Enzymology  Section  and  Protein  Chemistry  Section. 

Dr.  Thompson  in  the  Biochemistry  of  Gene  Expression  Section  has  continued 
the  studies  of  steroid  hormones.   The  effects  of  glucocorticoids  on  CEM 
cells,  the  first  human  leukemic  cell  system  sensitive  to  lysis  by  glucocor- 
ticoids, has  been  studied  in  detail.   It  was  shown  that  cell  clones  selected 
for  spontaneous  resistance  to  glucocorticoids  have  novel  receptor  pheno- 
types,  which  are  labile  upon  "activation."  Cells  containing  such  receptors 
neither  lyse  nor  induce  glutamine  synthetase  upon  treatment  with  steroids. 
A  synthetic  steroid  with  unusual  structure  was  found  to  kill  steroid-resistant 
CEM  cells  and  is  presently  being  tested  on  CEM  cells  in  the  nude  mouse 
system. 

Prolactin  and  growth  hormone  are  induced  by  steroids  in  rat  pituitary 
adenoma  cells  (GH„) .   In  fresh  GH_  x  L  (mouse  fibroblast)  hybrids,  these 
peptides  are  not  expressed.   The  group  is  interested  in  the  mechanism  of 
this  phenomenon.   A  large  number  of  synthetic  steroids,  designed  as  potential 
affinity  labels  for  the  glucocorticoid  receptor  were  synthesized.   One 
appears  to  be  a  uniquely  long-acting  antiglucocorticoid  and  therefore  has 
potential  value  in  vitro  and  possibly  in  certain  human  diseases. 

In  the  Biosynthesis  Section,  Dr.  Beverly  Peterkofsky  and  coworkers 
are  concentrating  their  efforts  on  the  regulation  of  collagen  metabolism 
by  ascorbic  acid,  an  effect  which  is  still  poorly  understood  despite  many 
years  of  investigation.   Studies  were  also  carried  out  on  a  chemical  trans- 
formant  of  BALB  3T3  cells.   Little  or  no  type  I  collagen  was  produced  by 
the  transformant  although  this  was  the  major  type  in  the  parent  cell  line. 
The  collagen  of  the  transformant  was  type  IV,  a  component  normally  found 
in  basement  membrane,  and  type  V,  a  non-structural  collagen  type.   Previous 
results  showing  alteration  of  collagen  phenotype  in  BALB  3T3  cells  trans- 
formed by  murine  sarcoma  virus  were  thus  complemented. 

Dr.  Wilson's  group  has  examined  the  mechanism  of  DNA  synthesis  by 
highly  purified  mouse   polymerase  using  a  simplified  reaction  system  of 
poly(dT)  as  template,  oligo(rA)  as  primer  and  Mg.dATP  as  substrate.  The 
kinetics  of  both  the  initiation  phase  and  the  overall  reaction  were  studied. 
Various  inhibitors,  including  spermine,  were  found  to  dissociate  the  template- 
primer  after  formation  of  just  one  new  phosphodiester  bond.   This  reaction, 
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termed  "abortive  initiation,"  provides  a  means  to  examine  the  mechanism 
of  initiation  of  a-polymerase  without  complication  from  the  elongation 
phase. 

Dr.  Edward  Kuff  and  colleagues  have  continued  a  structural  analysis 
of  integrated  intracisternal  A-particle  genes.   Multiple  individual  genes, 
in  the  form  of  X   phage  recombinants,  have  been  isolated  from  a  mouse  gene 
library  and  characterized.   The  genes  compose  an  extensive  family  of  homol- 
ogous but  nonidentical  units  dispersed  throughout  the  mouse  genome.   Indi- 
vidual genes  differ  in  occurrence  and  position  of  certain  restriction  sites, 
but  no  major  internal  regions  of  non-homology  have  been  encountered.   The 
genes  contain  related  sequences  at  their  31  and  5'  ends  (terminal  repeats). 
In  R-loop  experiments,  the  entire  35S  genomic  RNA  is  accommodated  within  the 
A-particle  gene.   No  intervening  sequences  were  seen. 

Complex  restriction  patterns  are  seen  when  digests  of  whole  mouse 
DNA  are  hybridized  with  A-particle  probes.  These  patterns  reflect  the 
contribution  of  variant  sub-families  of  A-particle  genes.  A-particles 
from  Mus  musculus  were  previously  shown  to  share  partial  sequence  homology 
with  an  extracellular  virus  (M432)  isolated  from  Mus  cervicolor.  M432 
has  now  been  cloned  in  phage  and  the  region  of  homology  between  it  and 
the  cloned  A-particle  genes  has  been  studied. 

The  Cellular  Regulation  Section  was  concerned  with  sequence  organiza- 
tion of  DNA.   Analysis  of  cloned  chicken  DNA  has  shown  that  discrete,  repeti- 
tive sequences  are  found  in  clusters  in  the  chicken  genome.   Within  a  single 
cluster,  there  can  be  several  different  repeated  sequences,  and  among  dif- 
ferent clusters  the  same  repetitive  sequences  are  found,  but  the  individual 
discrete  sequences  occur  ir  different  positions  relative  to  each  other. 

Cloned  chicken  genes  were  analyzed  for  albumin,  vitellogenin  and  very 
low  density  lipoprotein.   Three  recombinant  phage  lambda  clones  were  iden- 
tified that  contained  either  all  or  portions  of  the  estrogen-inducible 
gene  for  a  component  of  hen  very  low  density  lipoprotein  (VLDL).   Upon 
administration  of  estrogen  to  roosters,  transcription  of  VLDL  is  induced 
to  an  even  greater  extent  than  is  transcription  of  the  vitellogenin  gene. 

The  in  vitro  transcription  studies  have  shown  that  chromatin  isolated 
from  nuclei  of  livers  from  normal  and  estrogen-treated  roosters  is  capable 
of  transcription  of  the  vitellogenin  and  albumin  genes  in  vitro.   This 
transcription  occurs  by  the  endogenous,  chromatin-associated  RNA  polymerase 
II  and  no  exogenous  RNA  polymerase  is  required.   These  studies  have  been 
extended  in  order  to  try  to  influence  the  transcriptional  patterns  in  vitro, 
thus  revealing  some  of  the  components  necessary  for  specific  transcription. 

The  Developmental  Biochemistry  Section  is  composed  of  two  independent 
groups.   Dr.  I.  Dawid  directs  work  on  gene  structure,  gene  regulation  and 
expression,  such  as  the  work  on  genome  organization  of  D.  melanogaster . 
In  D.  melanogaster  a  group  of  sequences  that  are  homologous  to  the  type 
1  ribosomal  insertion  occur  at  the  chroraocenter .   Several  DNA  fragments 
containing  insertion-like  sequences  have  been  isolated  and  their  structure 
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was  analyzed.   The  insertion-like  sequences  are  interspersed  with  other 
DNA  flanking  sequences.   Insertion-like  sequences  may  occur  as  single  units 
or  in  tandem  arrays;  one  example  of  a  region  containing  four  elements  of 
insertion-like  sequences  has  been  found.   These  elements  are  homologous 
to  but  not  identical  with  the  ribosomal  insertion  itself.   Flanking  sequen- 
ces are  middle  repetitive  DNA  and  occur  between  50  and  200  times  in  the 
genome.   Some  flanking  sequences  are  transcribed  into  heterogeneous  nuclear 
RNA  but  no  cytoplasmic  transcripts  have  been  observed.   Among  the  flanking 
sequences  studied  one  is  limited  to  the  chromocenter  whereas  at  least  three 
others  are  present  in  the  chromocenter  and  in  a  number  of  different  loca- 
tions on  the  chromosome  arms.   These  chromosomal  locations  are  different 
in  different  strains  of  the  same  species,  suggesting  that  flanking  sequences 
may  be  movable  within  the  genome. 

The  other  group  under  Dr.  B.  Peterson  determined  the  structural  gene 
arrangement  and  transcript  pattern  in  the  major  late  transcription  unit 
of  adenovirus  2.   The  RNA  transcripts  were  characterized  by  1)  electropho- 
retic  fractionation  in  agarose  gels  containing  methyl  mercury  hydroxide 
to  estimate  the  sizes  of  the  functional  mRNAs  in  cell-free  translational 
systems;  2)  annealing  to  viral  DNA  fragments  immobilized  on  nitrocellulose 
to  define  the  genomic  origin  of  their  constituent  sequences;  3)  hybrid- 
arrested  translation  to  locate  the  protein  coding  sequences  withinthe 
late  transcriptional  unit.   The  data  obtained  allowed  the  positioning  of 
both  the  coding  and  noncoding  regions  of  all  the  late  mRNAs  with  respect 
to  the  viral  DNA. 

The  Macromolecular  Interaction  Section  concentrated  on  the  structure 
and  function  of  calmodulin.   The  recognition  that  calmodulin  is  a  regulator 
of  Ca  -dependent  cellular  processes  b,|s  led  to  the  concept  that  calmodulin 
may  be  a  universal  receptor  ^f  the  Ca   signal  in  eukaryotic  cells.   More 
extensive  studies  of  the  Ca  -binding  properties  of  calmodulin  suggest 
that  under  physiological  conditions  the  protein  binds  Ca   sequentially 
to  its  four  sites  and  exists  in  different  conformations  depending  upon 
the  number  of  Ca   bound.   Different  classes  of  proteins  may  recognize 
different  conformers  of  calmodulin.   Thuscalmodulin  has  the  ability  to 
translate  quantitative  differences  in  Ca   levels  into  qualitatively  differ- 
ent cellular  responses.   Regulation  of  the  Ca   signal  by  another  cytoplas- 
mic Ca   binding  protein,  calcineurin,  which  is  specific  to  the  nervous 
tissue  is  also  under  study.      Calcineurin  is  also  a  calmodulin-binding 
protein.   Because  of  its  Ca   and  calmodulin  binding  properties,  calcin- 
eurin can  inhibit  the  normally  stimulating  role  of  the  Ca   signal  which 
is  mediated  by  calmodulin.   The  presence  in  the  same  cell  of  two  proteins 
that  recognize  the  same  signal  andhave  opposing  functions  can  allow  a 
very  fast  on-off  switch  of  the  Ca   signal. 

The  work  of  the  Nucleic  Acid  Enzymology  Section  is  oriented  in  three 
directions:   studies  of  DNA  structure  and  metabolism,  exploration  of  the 
organization  and  expression  of  yeast  genome  and  investigation  of  the  role 
of  nucleic  acid  in  the  control  of  transcription  initiation  and  termination. 
The  structures  of  a  group  of  newly  and  independently  isolated  defective 
substituted  variants  of  SV40  were  determined.   Structural  characterization 
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involved  purification  of  variant  DNAs  by  molecular  cloning,  restriction 
endonuclease  analysis,  and  DNA  sequencing.   The  results  suggest  that  SV40 
variants  do  not  arise  totally  at  random  but  rather  that  certain  structures 
recur.   The  close  similarity  between  these  structures  suggests  that  some 
mechanism  other  than  recombination  between  the  monkey  genome  and  the  genome 
of  the  infecting  virus  may  be  involved  in  their  formation. 

Recombinant  DNA  technology  was  used  to  explore  the  organization  and 
expression  of  the  yeast  genome.   The  yeast  was  chosen  because  extensive 
genetic  studies  have  been  carried  out  with  yeast  and  because  it  has  a  rela- 
tively small  genome.   While  yeast  is  a  relatively  simple  eukaryotic  organism, 
it  has  many  molecular  biological  properties  similar  to  those  of  higher 
organisms  and  not  found  in  prokaryotes.   In  order  to  examine  individual 
yeast  genes,  a  "library"  of  random  fragments  of  yeast  DNA  recombined  into 
"bacteriophage  A  was  constructed,   This  library  was  then  screened  with 
messenger  RNA.  Several  clones  which  contain  sequences  homologous  only  to 
RNA  from  the  phosphate-deprived  yeast  were  obtained.   These  clones  have 
been  identified  as  carrying  genes  for  a  repressible  acid  phosphatase  found 
in  yeast.   The  transcribed  regions  in  each  cloned  DNA  fragment  have  been 
identified.   In  addition,  the  homologous  regions  between  the  genes  have 
been  mapped  by  heteroduplex  analysis.   Different  yeast  strains  have  been 
found  to  have  different  numbers  of  the  repressible  acid  phosphatase  genes. 

Dr.   Rosenberg  and  his  colleagues  have  been  investigating  the  role 
of  nucleic  acid  structure  in  the  control  of  transcription  initiation  and 
termination  as  well  as  the  trans lational  expression  of  various  RNA  trans- 
cription products.   He  has  examined  the  relationship  between  regulatory 
function  and  DNA  sequence  in  a  variety  of  bacterial  and  viral  operon  con- 
trol regions.   The  characterization  of  mutants  which  affect  both  transcrip- 
tional and  translational  expression  in  these  regions  has  afforded  informa- 
tion on  the  precise  molecular  events  which  lead  to  control  element  function. 

Previous  work  in  the  Protein  Chemistry  Section  showed  that  stable 
chromosome-mediated  gene  transfer  involves  only  fragments  of  the  chromosome 
and  that  closely  linked  genes  are  cotransf erred.   Lack  of  information  con- 
cerning the  size  of  the  transferred  fragment  and  uncertainty  as  to  whether 
multiple  fragments  exist  in  a  recipient  cell  have  been  impediments  to  the 
practical  use  of  this  method  for  regional  gene  mapping,  so  recent  efforts 
have  been  largely  concerned  with  these  questions.   The  size  of  the  trans- 
ferred fragment  has  now  been  evaluated  using  nucleic  acid  hybridization 
techniques. 

Studying  the  inflammatory  response  in  guinea  pigs  as  a  model  for  the 
regulation  of  granulocyte  maturation,  Dr.  Evans  and  his  colleagues  have 
shown  previously  that  12-hour  inflammatory  (S-12)  serum  stimulates  the 
synthesis  of  marker  glycoprotein  in  the  secondary  granules  of  bone  marrow 
granulocytes.   A  similar  stimulating  activity  exists  in  normal  serum  but 
in  lesser  amounts,  being  partly  masked  by  an  inhibitor.   An  inhibitor  has 
also  been  found  in  S-12  serum,  supporting  the  concept  that  an  opposing 
set  of  factors  is  involved  and  that  the  balance  of  these  factors  is  altered 
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during  the  first  12  hours  of  inflammation.  Attempts  to  isolate  these  factors 
are  under  way. 

Research  in  the  Laboratory  of  Molecular  Biology  (Dr.  Ira  Pastan,  Chief) 
focuses  on  understanding  factors  that  control  the  behavior  of  animal  and 
bacterial  cells  and  in  using  this  information  to  try  to  understand  the 
abnormal  behavior  of  cancer  cells. 

The  60,000  molecular  weight  protein  that  is  the  product  of  the  trans- 
forming gene  of  Rous  sarcoma  virus  is  being  purified  and  characterized. 
Using  antisera  to  this  protein  it  was  shown  to  be  localized  to  the  inner 
surface  of  the  plasma  membrane  and  particularly  concentrated  at  gap  junc- 
tions.  The  transforming  protein  of  Kirsten  sarcoma  virus  is  located  at 
the  inner  aspect  of  the  plasma  membrane,  but  in  a  different  distribution 
from  the  avian  sarcoma  virus  protein.   This  indicates  the  two  transforming 
proteins  probably  function  in  a  basically  similar  way  to  affect  cell  shape 
and  cell  growth. 

cDNA  clones  of  collagen  genes  and  the  fibronectin  gene  were  isolated. 
cDNAs  have  been  used  to  measure  messenger  RNA  levels  for  these  proteins 
in  RSV  transformed  cells.   Collagen  and  fibronectin  mRNAs  are  specifically 
decreased  in  RSV  transformed  cells.   Using  temperature  sensitive  mutants 
of  Rous  sarcoma  virus  evidence  was  obtained  that  the  action  of  the  transform- 
ing gene  product  on  the  regulation  of  these  messenger  RNAs  is  indirect, 
probably  mediated  through  the  plasma  membrane.   A  cDNA  clone  of  the  common 
(c)  region  of  avian  sarcoma  virus  was  also  isolated,  showing  that  the  common 
region  is  a  regulatory  region  at  which  RNA  polymerase  initiates  transcrip- 
tion of  the  avian  sarcoma  virus  genome. 

The  pathway  of  c^-macroglobulin  internalization  was  investigated  and 
a  new  organelle,  the  receptosome,  was  identified  which  transfers  the  ligand 
from  coated  pits  in  the  cell  membrane  to  the  Golgi  region.  The  receptosome 
probably  mediates  the  entry  of  substances  such  as  insulin,  epidermal  growth 
factor,  triiodo-L- thyronine,  viruses  and  lysosomal  enzymes.   It  is  a  funda- 
mental unit  of  cell  organization.  Its  function  is  to  bring  substances  into 
the  cell  preventing  their  destruction  by  lysosomes. 

Dr.   M.  Willingham  has  continued  his  studies  of  the  localization  of 
various  proteins  in  cells  using  his  new  electron  microscopic  immunological 
localization  procedure.   He  has  now  applied  the  procedure  to  tubulin,  actin, 
filamin,  100  A  filament  protein  and  other  proteins.  Using  this  method  he 
is  developing  a  micro-anatomy  of  the  fibroblast  which  should  help  to  ex- 
plain the  anatomical  basis  of  its  behavior. 

The  biochemical  alterations  in  cyclic  AMP  resistant  mutants  of  CHO 
cells  were  studied.   These  mutants  have  alterations  in  their  protein  phospho- 
rylation pattern  measured  in  vivo  and  in  vitro  and  contain  abnormalities 
affecting  protein  kinase  1  and  2.   A  number  of  different  types  of  mutations 
affecting  protein  kinases  have  already  been  identified  and  these  were 
predicted  on  the  basis  of  genetic  analyses. 
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Dr.  K.   Yamada  has  continued  the  work  on  the  function  and  structure 
of  the  adhesive  protein,  fibronectin.   He  has  identified  a  number  of  struc- 
tural domains  within  the  protein  that  bind  collagen,  heparin  and  glycosamino- 
glycans.   His  evidence  suggests  that  fibronectin  mediates  a  variety  of 
cellular  adhesive  events  by  binding  to  these  different  molecules.   He  has 
also  begun  studies  to  examine  the  alterations  in  fibronectin  production 
in  various  physiological  and  differentiated  states. 

Research  in  the  Gene  Regulation  Section  Biology  can  be  subdivided 
along  five  lines:   studies  of  the  control  of  differentiation  of  fibroblasts; 
construction  of  vectors  to  study  the  expression  and  the  control  of  eukaryotic 
genes;  isolation  and  characterization  of  mutant  CHO  cells  with  altered 
cellular  behavior;  mammary  gland  carcinogenesis;  DNA  binding  site  for  the 
E.  coli  cyclic  AMP  receptor  protein  and  study  of  its  mode  of  action. 

The  Chinese  Hamster  Ovary  (CHO)  fibroblast  grown  in  vitro  is  used 
to  study  the  genetics  and  biochemistry  of  some  aspects  of  the  behavior 
of  cultured  cells.   The  work  has  emphasized  cell  adhesion,  morphology, 
response  to  cyclic  AMP,  the  role  of  cell  surface  antigens,  receptors  and 
internalization  of  their  ligands  in  cell  behavior,  and  the  mechanism  of 
cell  transformation  by  tumor  viruses.   A  variety  of  different  mutants  with 
abnormal  adhesion,  abnormal  morphology,  or  abnormal  response  to  cyclic 
AMP  were  isolated  and  some  of  these  have  been  characterized  as  to  their 
biochemical  defects.   A  system  was  developed  for  isolating  cell  mutants 
resistant  to  transformation  by  the  product  of  the  src  gene  of  Rous  sarcoma 
virus.   A  general  procedure   for  the  isolation  of  mutants  lacking  specific 
cell  surface  receptors ,  and  mutants  unable  to  internalize  specific  ligands 
has  been  established.   These  mutants  are  analyzed  genetically  using  the 
techniques  of  somatic  cell  hybridization  and  gene  transfer,  and  biochemically 
by  classical  enzymology,  affinity  labelling  techniques  and  two-dimensional 
electrophoresis . 

Dr.  B.  de  Crombrugghe ,  and  coworkers  have  constructed  vectors  which 
can  be  used  for  site  specific  mutagenesis  of  the  promoter  of  the  galactose 
operon.   They  have  found  that  CRP  binds  to  DNA  at  different  distances  from 
the  initiation  site  for  transcription  in  the  lac  and  gal  operon  although 
the  sequences  which  are  recognized  have  striking  similarities.   They  have 
proposed  that  the  two  subunits  of  CRP  recognize  inverted  repeat  sequences. 

The  investigators  of  the  Biochemical  Genetics  Section  have  shown  that 
the  E.  coli  gal  operon  is  controlled  at  both  the  transcriptional  and  transla- 
tional  levels.   The  operon  can  be  transcribed  from  several  different  promoters, 
each  controlled  by  different  regulatory  mechanisms.   The  translation  of 
gal  sequences  in  mRNA  is  strongly  affected  by  the  5 '-end  of  the  transcript. 

The  location  of  the  bacteriophage  lambda  hin  function  on  the  viral 
genome  was  mapped.   This  function  lowers  bacterial  cyclic  AMP  levels,  it 
blocks  transport  of  nucleosides,  deoxynucleosides  and  certain  amino  acids, 
raises  ppGpp  levels,  and  it  stabilizes  the  viral  mRNA.   The  initiation 
region  of  the  lambda  pre  transcript,  which  is  responsible  for  the  establish- 
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merit  of  viral  lysogeny  was  located  and  sequenced.   The  location  of  the 
lambda  transcription  terminator,  t_. ,  has  also  been  determined. 

The  Laboratory  of  Pathophysiology  under  the  direction  of  Dr.  Pietro 
Gullino  focused  the  research  on  five  areas:   pathophysiology  of  mammary 
gland  and  tumors,  biochemical  changes  related  to  onset  and  cessation  of 
lymphocyte  proliferation,  structure  and  function  of  biological  membranes, 
effects  of  ionizing  radiations  on  DNA  proteins  and  bone  marrow  cells,  and 
pathophysiology  of  cachexia  in  tumor-bearing  host. 

The  largest  effort  was  concentrated  on  the  first  area.  Here,  the 
following  subtopics  were  studied:  mechanism  of  hormone  dependent  mammary 
tumor  regression;  requirements  for  growth  of  normal  and  neoplastic  mammary 
epithelium;  role  of  sollagenand  collagenase  in  the  metastatic  process;  angio- 
genesis  and  mammary  tumor  growth;  initiation  and  progression  of  mammary 
tumor  growth;  mechanism  of  prolactin  and  T3  action,  and  regulation  of  milk 
protein  synthesis  in  normal  and  neoplastic  mammary  tissue. 

Attempts  were  made  to  explain  the  sequence  of  events  that  occur  when 
a  mammary  tumor  regresses  after  removal  of  the  ovaries.   Past  work  indicated 
that  cyclic  AMP  is  involved  in  the  regression  process,  that  the  structural 
integrity  of  the  cyclic  AMP  receptor  must  be  maintained  for  regression 
to  occur  and  that  formation  of  the  complex  cyclic  AMP  +  binding  protein 
+  catalytic  unit  of  protein  kinase  must  be  formed  and  penetrate  into  the 
nucleus.  Major  emphasis  in  the  past  year  was  placed  on  the  observation 
that  L-arginine  potentiated  the  inhibitory  regressing  effect  of  dibutyrylcy- 
clic  AMP.   In  vivo  arginine  was  found  to  increase  the  cyclic  AMP  level 
as  well  as  "the  cAMP  phosphodiesterase  and  adenylate  cyclase  activities 
of  the  tumor  cytosol.  Adenylate  cyclase  activation  was  NAD-dependent. 
Results  of  ongoing  experiments  suggest  that  an  increase  of  ADP-ribose  accep- 
tor protein  may  occur  in  tumor  membranes  under  the  action  of  arginine  methyl 
ester.  As  an  in  vivo  application  of  the  arginine  effect  on  neoplastic 
tissue,  a  diet- with  high  arginine  content  was  given  to  DMBA  treated  rats. 
Mammary  carcinogenesis  was  not  blocked  but  tumor  growth  was  inhibited. 

Since  mammary  epithelium  grows  within  a  fat  pad,  the  effect  of  lipids 
on  these  cells  in  culture  was  tested.   In  general,  saturated  fatty  acids 
inhibited  while  unsaturated  fatty  acids  stimulated  growth  of  both  normal 
and  neoplastic  mammary  cells.   The  linoleic  to  palmitic  acid  ratios  were 
studied  in  vivo  by  comparing  in  the  same  animal  an  intact  mammary  gland 
with  the  contralateral  fat  pad  deprived  of  epithelium.   Stimulation  of 
the  animal  with  perphenazine  induced  proliferation  and  partial  secretion 
in  the  mammary  epithelium  while  reducing  the  content  of  linoleic  acid  in 
the  intact  gland  as  compared  with  the  gland-free  fat  pad.   This  suggests 
that  stimulation  of  the  epithelium  activated  lipolysis,  and  selective  utili- 
zation of  linoleic  acid  occurred  when  the  epithelium  was  present. 

A  variety  of  cells  were  used  to  analyze  in  vitro  the  effects  of  cultiva- 
tion, virus  infection  and  treatment  with  chemical  carcinogens  in  reference 
to  the  acquisition  of  angiogenic  activity.   PGE,  was  found  to  be  angiogenic. 
Cells  were  implanted  in  a  corneal  pocket  and  induced  to  produce  PGE.. 
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New  formation  of  capillaries  was  followed  before  and  after  PGE1  production 
was  blocked  by  indomethacin.  Fractionation  of  culture  fluid  has  shown 
that  Cu++  may  be  involved  in  angiogenesis .  Accumulation  of  Cu++  in  the 
cornea  was  demonstrated.  A  method  has  been  developed  to  sample  the  intersti- 
tial fluid  of  the  tumor  _in  vivo.   Fractionation  of  this  interstitial  fluid 
is  ongoing. 

The  functional  efficiency  of  the  tumor  vascular  network  was  tested. 
Three  thermistors  were  incorporated  within  a  tumor  nourished  by  a  single 
artery;  a  pulse  of  cold  plasma  was  injected  into  the  tumor  artery  and  the 
extent  of  temperature  change  over  tissue  was  measured  by  the  thermistors. 
A  mathematical  model  is  being  developed  to  assess  the  relative  proportion 
of  the  total  blood  flow  passing  through  each  tumor  compartment  utilizing 
temperature  changes  recorded  by  the  thermistor. 

In  studying  the  initiation  and  progression  of  mammary  tumor  growth, 
MCF-7  human  mammary  carcinoma  cells  were  implanted  in  athymic  nude  mice 
and  100Z  takes  were  obtained.  A  pellet  of  176 -estradiol  placed  subcutan- 
eously  increased  several-fold  the  growth  rate  of  MCF-7.  Estrogen  was  neces- 
sary to  initiate  growth  but  after  the  tumor  was  established,  growth  occurred 
independently  from  the  addition  of  estrogen.   MCF-7  cells  required  estrogen 
to  grow  in  vivo  but  not  in  vitro.  .The  cells  metastasized  in  vivo  to  lungs, 
liver  and  spleen,  and  estrogen  treatment  increased  the  number  of  metastases. 
Metastases  were  prevented  by  castration  and  diabetes.  MCF-7  cells  secreted 
proteases  able  to  lyse  both  types  I  and  IV  collagen. 

The  effect  of  human  interferons  on  protein  synthesis  by  normal  and 
mitogen-stimulated  lymphocytes  was  analyzed.   It  was  found  that  in  the 
resting  lymphocytes  interferon  does  not  affect  total  protein  synthesis 
but  modifies  the  relative  proportion  of  3-4  specific  proteins.   In  PHA- 
stimulated  lymphocytes,  protein  synthesis  is  reduced  15-25%  without  changing 
the  relative  proportion  of  each  component.   The  work  aimed  at  characterizing 
interferon  mRNA  synthesis  in  NAMALVA  cells  infected  with  Newcastle  disease 
virus  showed  that  the  interferon  mRNA  increased  50  to  100-fold  within  8 
hrs  from  injection  and  started  to  decrease  by  17  hrs.  At  this  time  the 
entire  cellular  complement  of  mRNA  was  found  free  in  the  cytoplasm.   The 
interferon  mRNA  was  fully  translatable  in  oocytes  of  Xenopus  laevis .   Approx- 
imately 80%  of  the  total  interferon  yield  was  found  in  the  medium  bathing 
the  oocytes  24  hrs.  after  human  mRNA  was  introduced.   From  the  results 
of  these  experiments  the  conclusion  was  reached  that  in  NAMALVA  cells  inter- 
feron synthesis  is  a  function  of  mRNA  trans latability. 

Some  of  the  individual  components  of  normal  feeding  control  that  are 
impaired  or  unimpaired  by  tumor  growth  have  been  identified  and  quantitatively 
assessed.   The  effects  of  4  transplanted  tumors  as  well  as  lowered  environmental 
temperature  on  the  feeding  controls  are  being  studied.   In  two  separate 
projects  it  was  found  that  depression  of  food  intake  due  to  amino  acid 
deficiencies  is  attenuated  by  the  presence  of  a  tumor,  and  total  parenteral 
nutrition  in  tumor  bearing  animals  may  be  unfavorable. 
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The  activities  of  the  Laboratory  of  Theoretical  Biology  under  the 
direction  of  Dr.  M.  Berman  fall  into  several  broad  areas:   membrane  biophysics, 
immunology,  macromolecular  configurations,  kinetics  of  metabolic  systems, 
computational  methodology,  and  theory  related  to  modeling.   Most  of  the 
work  is  theoretical,  but  experiments  are  also  carried  out  in  the  laboratory. 

The  relationship  between  membrane  structure  and  function  was  actively 
investigated  using  two  basic  approaches;  in  one  approach,  dynamics  of  molecular 
motion  on  single  cells  was  studied  with  a  variety  of  fluorescent  techniques, 
such  as  fluorescence  photobleaching  recovery.   The  other  approach  was  to 
separate  membrane  components  and  study  their  interactions  upon  recombination. 
The  starting  point  for  this  approach  is  the  lipid  model  membrane  either 
in  the  form  of  lipid  vesicles  or  of  planar  black  lipid  membranes  (BLM) . 

To  study  lipid-protein  interactions  a  method  called  "phase-transition 
release"  was  developed.   It  is  based  on  the  relief  of  self-quenching  of 
a  fluorescent  dye  encapsulated  in  lipid  vesicles  when  the  protein  interacts 
with  the  lipid  bilayer  at  its  phase  transition.   With  serum  lipoproteins 
and  with  cytoskeletal  proteins  this  process  has  been  studied  in  great  detail, 
and  new  lipid-protein  recombinant  structures  have  been  defined.   The  interac- 
tion with  lipid  bilayer  membranes  of  a  purified  membrane  receptor  protein 
was  also  studied.   The  interaction  did  not  depend  on  the  phase  transition. 
Evidence  for  conformational  changes  in  the  receptor  upon  interaction  with 
vesicles  and  with  ligand  have  been  found,  and  studies  with  BLM  suggest 
voltage-dependent  translocation  of  this  protein  across  the  lipid  bilayer. 

Lipid  vesicles  were  used  to  probe  properties  of  cell  surfaces.   These 
studies  of  directed  interaction  between  lipid  vesicles  and  cells  are  applicable 
to  problems  in  cell  biology  and  to  possible  uses  of  liposomes  in  clinical 
therapy.   In  vitro  studies  are  aimed  at  understanding  membrane-membrane 
interactions  occurring  in  such  processes  as  cell  fusion,  and  at  developing 
fluorescently-labeled  liposomes  as  markers  for  cell  surface  receptors. 
The  in  vivo  studies  are  aimed  at  developing  ways  to  targeting  drug-laden 
liposomes  to  particular  local  areas,  for  example,  tumors  and  sites  of  infection. 
"Temperature-sensitive"  liposomes  were  designed  which  break  down  and  release 
encapsulated  drugs  primarily  in  areas  heated  a  few  degrees  above  physiological. 
By  this  approach,  methotrexate  was  delivered  selectively  to  solid  mouse 
tumors,  and  growth  of  the  tumors  was  delayed.   In  a  second  approach  to 
targeting  of  drugs,  antibody  was  used  to  direct  liposomes  to  particular 
cell  types.   After  specific  immunoglobulin-mediated  binding  to  the  Fc-receptors 
of  phagocytic  tumor  cells,  the  liposomes  were  endocytosed;  an  encapsulated 
drug  (methotrexate)  escaped  from  the  phagolysosomal  system  to  affect  the 
cells1  physiology. 

In  the  Immunology  Branch,  investigators  have  emphasized  studies  of 
regulation  and  control  of  immune  responses,  structure  and  function  of  cell 
surfaces,  transplantation  biology  and  tumor  immunology. 

The  genetic  control  of  the  cellular  interactions  involved  in  antibody 
responses  is  under  investigation.   An  in  vitro  system  for  generating  both 
primary  and  secondary  antibody  responses  to  soluble  antigens  has  been  developed. 
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Responses  to  a  large  set  of  antigens  are  T  cell  dependent.   The  generation 
of  specific  antibody  responses  to  these  T  cell-dependent  antigens  requires 
the  recognition  by  T  cells  of  H-2  antigens  as  "self"  markers.   Experiments 
have  shown  that,  for  the  development  of  primary  antibody  to  TNP-KLH,  the 
helper  T-cell  recognizes  MHC  determinants  on  macrophages  and  not  on  B  cells. 
Moreover,  the  H-2  antigens  that  are  recognized  as  "self"  are  not  determined 
by  the  genotype  of  the  T  cells,  but  rather  by  the  genotype  of  the  host 
in  which  the  T  cells  mature. 

The  mechanisms  of  activation  of  antibody  forming  B  cells  are  being 
studied.   Distinct  B-cell  populations  respond  to  different  antigens  and 
the  inability  of  the  genetically  defective  CBA/N  mouse  to  respond  to  certain 
antigens  has  been  shown  to  be  due  to  the  absence  of  a  mature  population 
of  B  cells.   This  population  is  characterized  in  non-defective  strains 
by  the  expression  of  the  Lyb  5  antigen,  and  has  been  shown  to  be  the  B 
cell  population  uniquely  capable  of  being  activated  by  antigen-presenting 
accessory  cells. 

Viruses  or  chemicals  can  modify  the  surfaces  of  cells  to  create  new 
antigens  that  depend  both  on  the  modifying  agent  and  on  the  histocompatibility 
antigens  of  the  cell  surface  being  modified.   TNP  modified  spleen  cells 
induce  cytotoxic  effector  cells  which  only  lyse  TNP  modified  target  cells 
and  only  if  those  target  cells  share  appropriate  H-2  antigens  with  both 
the  stimulating  and  the  effectors  cells.   In  order  to  ascertain  the  site 
and  mechanism  by  which  the  T  cell  self-MHC  specific  repertoire  is  determined, 
the  MHC  specificity  of  cytotoxic  precursor  cells  differentiating  in  the 
thymuses  of  radiation  bone  marrow  chimeras  was  assessed.   Thymocytes  from 
chimeras  were  capable  of  recognizing  TNP  in  association  with  only  those 
MHC  determinants  expressed  by  the  chimera  host.   Thus,  the  earliest  donor 
T  cells  in  chimeric  mice  already  displayed  self-MHC  recognition  restricted 
to  the  host  thymic  MHC  determinants,  consistent  with  the  ability  of  the 
thymus  to  determine  MHC  restrictions  of  T  cell  recognition. 

Conditions  have  been  developed  for  in  vitro  stimulation  of  human  peripheral 
blood  leukocyte  effector  cells  cytotoxic  for  influenza  infected  target 
cells  and  for  measurement  of  effector  cell  activity  on  virus  infected  cryo- 
preserved  human  peripheral  blood  leukocyte  targets.   The  use  of  a  variety 
of  influenza  viruses  has  led  to  results  suggesting  that  human  T  cell  respon- 
ses to  influenza  viruses  are  type-specific  and  restricted  to  recognize 
self  components.   The  cytotoxic  responses  appear  to  be  controlled  by  HLA- 
linked  genetic  factors  since  effector  cells  from  certain  donors  recognize 
virus  in  association  with  some,  but  not  all,  self  HLA-A  and  -B  antigens. 
Similar  studies  with  measles  virus  have  shown  that  a  minority  subpopulation 
of  human  donors  can  generate  high  levels  of  specific  cytotoxicity  against 
autologous  measles  virus  infected  peripheral  blood  leukocytes. 

The  _in  vitro  generation  of  F1  anti-parent  cytotoxic  effector  cells 
has  been  studied  and  compared  to  F.  anti-parent  marrow  graft  rejection 
in  vivo.   It  has  been  demonstrated  that  the  in  vivo  rejection  process  does 
not  require  active  immunization  while  the  in  vitro  development  of  cytotoxic 
effectors  does:  Marrow  graft  rejection  is  neither  caused  by  nor  dependent 
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upon  thymus  derived  cells,  while  the  F^^  anti-parent  effectors  and  their 
precursors  are  T  cells:   Injection  of  F.  mice  with  parental  spleen  cells 
results  in  the  specific  abrogation  of  F1  anti-parent  reactions  _in  vitro 
and  in  vivo,  whereas  injection  of  parental  bone  marrow  is  associated  with 
priming  for  F..  anti-parent  cytotoxicity. 

Studies  of  the  ontogeny  of  immune  responsiveness  in  mice  have  shown 
that  neonatal  thymus  and  spleen  cells  can  actively  suppress  immune  responses 
by  cells  from  adult  animals.   Both  T  and  non-T  cells  mediate  this  suppression. 
The  intravenous  injection  of  F..  hybrid  mice  with  parental  spleen  cells 
results  in  a  loss  in  the  ability  of  the  F..  mice  to  generate  T-cell  mediated 
cytotoxic  responses  in  vitro  to  TNP-self  and  allo-antigens .   This  phenomenon 
is  dependent  on  a  reaction  against  F,  alloantigens  by  grafted  parental 
cells.   Heterogeneous  populations  of  suppressor  cells  were  found  to  be 
responsible  for  loss  of  immune  potential. 

Synthetic  membrane  antigens  have  been  created  and  compared  with  natural 
membrane  antigens  of  the  same  cells  in  an  attempt  to  explore  capping  and 
other  phenomena.   Lateral  diffusion  constants  for  these  synthetic  macromolecules 
have  been  determined  and  shown  to  be  typical  of  membrane  proteins.   Addition 
of  antibody  to  these  dextran  antigens  causes  patching  and  capping  with 
a  consequent  reduction  in  lateral  diffusion.   Drug  inhibition  of  capping 
of  absorbed  molecules  on  lymphoid  cells  showed  characteristics  similar 
to  those  seen  with  capping  natural  markers  such  as  surface  immunoglobulin. 

Stable  anti-H^2  hybridomas  have  been  produced  with  specificities  for  H- 
2  or  la  antigens.   In  comparative  studies  of  la  antigens  from  several  species, 
cross-reactions  have  been  detected  between  the  la  antigens  of  mice  and  those 
of  several  other  species,  including  rat,  pig,  and  human  being.   Most  of 
these  antibodies  react  with  public  specificities  of  the  H-2  and  la  anti- 
gens, while  a  few  appear  to  detect  private  specificities.   In  addition, 
an  antibody  response  to  a  previously  unrecognized  H-2  antigen  has  been 
found  and  shown  to  be  genetically  controlled  by  a  non-H-2  linked  locus. 
Anti-idiotypic  antibodies  reactive  with  three  of  the  hybridoma  anti-H-2 
antibodies  and  with  two  of  the  hybridoma  anti-la  antibodies  have  been  produced 
and  have  been  shown  to  be  specific  by  hemagglutination  inhibition  assays. 
Assessment  of  a  variety  of  hybridoma  antibodies  and  immune  sera  for  the 
presence  of  the  anti-H-2  idiotype  specificities  has  so  far  indicated  that 
these  idiotypes  are  not  of  great  prevelance  in  the  normal  immune  response. 

The  nature  of  cell  membrane  damage  caused  by  immunologic  mechanisms 
is  under  investigation.   Damage  caused  by  antibody  plus  complement  or  by 
sensitized  T  lymphocytes  is  associated  with  complete  loss  of  membrane  potential 
and  electrical  resistance  as  determined  by  intracellular  recording  performed 
with  microelectrodes.   Additional  information  concerning  membrane  lesions 
has  been  obtained  using  resealed  red  blood  cell  ghost  membranes.   Both 
complement  and  ADCC  effector  cells  release  markers,  revealed  inside  red 
cell  ghosts,  with  a  very  strong  size  dependence.   This  sieving  effect  was 
also  observed  when  the  entry  of  protein  markers  into  complement  treated 
ghosts  was  measured,  with  the  same  protein  molecular  weight  cut-off  as 
was  observed  for  marker  efflux.   These  studies  are  being  pursued  to  further 
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characterize  the  structural  components  of  lesions  produced  in  cell  membranes 
by  immune  mechanisms. 

A  randomized  controlled  trial  comparing  chemotherapy  with  immunotherapy 
in  human  malignant  melanoma  is  in  progress.   The  patients  are  randomly 
assigned  to  receive  treatment  either  with  methyl  CCNU,  BCG  alone  or  BCG 
plus  allogeneic  tissue-culture-grown  vaccine.   A  fourth  group  consists 
of  control  patients  who  receive  no  further  active  treatment.   A  total  of 
181  patients  have  entered  the  trial,  and  patient  accrual  has  been  terminated. 
No  significant  differences  between  treatment  groups  have  been  detected 
to  date.   Studies  of  the  peripheral  blood  lymphocytes  of  patients  in  this 
clinical  trial  indicated  that  greater  than  90%  of  those  receiving  the  cell 
vaccine  generated  cellular  and/or  humoral  immune  responses  against  one 
or  more  of  the  vaccine  cell  lines.   In  addition,  all  patients  in  the  study 
had  a  normal  capacity  for  generating  cytotoxic  cellular  responses  in  vitro 
except  for  those  patients  receiving  chemotherapy  who  showed  some  depression 
in  this  functional  capacity.   The  use  of  BCG  did  not  appear  to  increase 
the  average  in  vitro  natural  killer  or  K  cell  cytotoxic  immune  activities. 

The  research  activities  of  the  Laboratory  of  Immunodiagnosis  directed 
by  Dr.   R.  Herberman  can  be  divided  into  four  main  areas:   role  of  natural 
and  induced  effector  and  suppressor  cells  in  resistance  against  cancer; 
cell-mediated  immunity  against  tumor  associated  and  other  antigens;  immuno- 
chemical studies  of  tumor  associated  antigens;  and  application  of  immunologic 
procedures  to  clinical  problems  of  cancer  patients.  The  main  objective 
of  all  these  studies  is  the  application  of  the  research  information  to 
the  diagnosis  of  cancer  and  the  monitoring  of  disease  in  tumor  bearing 
individuals.   Extensive  studies  on  natural  killer  (NK)  cells  were  continued 
with  emphasis  on  the  characteristics  of  these  cells  and  their  in  vivo  role 
in  resistance  against  tumor  growth.   A  major  finding  has  been  that  large 
granular  lymphocytes  are  responsible  for  human  and  rat  NK  and  antibody- 
dependent  cell-mediated  cytotoxic  (ADCC)  activity.   New  information  has 
been  obtained  on  genetic  factors  regulating  the  expression  of  NK  activity 
in  mice.   Further  evidence  also  accumulated  in  support  of  an  in  vivo  role 
of  NK  cells,  with  an  association  of  depressed  NK  activity  with  treatment 
by  a  carcinogen  or  a  tumor  promoter.   Appreciable  progress  has  continued 
regarding  cytotoxicity  by  macrophages  and  monocytes,  and  the  processes 
involved  in  activation  of  macrophages  and  their  suppressor  activity.   The 
radioimmunoassay  for  a  human  lung  tumor  associated  antigen  has  been  able 
to  detect  elevated  serum  levels  in  the  majority  of  tumor-bearing  lung  can- 
cer patients,  with  elevation  correlated  with  disease  activity.   In  studies 
on  postoperative  breast  cancer  patients,  low  or  negative  reactivity  in 
mixed  lymphocyte-tumor  interaction  has  been  associated  with  significantly 
more  rapid  recurrence  of  disease.   Decreased  cytostatic  activity  by  granulo- 
cytes has  been  seen  in  tumor-bearing  patients,  whereas  cancer  patients 
without  evident  disease  or  patients  with  benign  diseases  had  activity  in 
the  normal  range. 

A  major  advance  in  the  characterization  of  human  NK  cells  has  resulted 
from  clear  evidence  for  their  close  association  with  large  granular  lympho- 
cytes (LGL),  a  subpopulation  of  lymphoid  cells  that  has  distinctive  morphol- 
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ogy.   These  LGL  had  indented  nuclei,  pale-staining  cytoplasm  containing 
large,  azurophilic  granules,  and  it  was  possible  to  enrich  such  cells  by 
centrifugation  on  discontinuous  Percoll  density  gradients.   The  majority 
of  LGL  form  conjugates  with  a  highly  NK-sensitive  target  cell.   While  some 
cells  in  other  Percoll  fractions  also  formed  conjugates,  they  were  not 
LGL,  lacked  Fc  Band  did  not  have  associated  NK  activity.   LGLs  have  also 
been  detected  in  the  spleen  and  PBL  of  rats  and,  by  a  slight  modification 
of  the  Percoll  gradients,  it  has  been  possible  to  obtain  fractions  enriched 
for  LGL.   As  with  human  PBL,  most  rat  NK  activity  has  been  found  to  be 
associated  with  LGL. 

It  has  been  well  documented  that  interferon  (IF)  is  the  major  mediator 
of  activation  or  augmentation  of  NK  activity.   To  determine  whether  this 
was  a  unique  or  general  characteristic,  the  spectrum  of  activity  of  IF 
on  other  types  of  cytotoxic  effector  cells  was  examined.   IF  could  augment 
human  ADCC,  the  cytolytic  activity  of  human  monocytes,  and  lee  tin-induced 
cell-mediated  cytotoxicity  by  T  cells.   In  contrast  to  these  positive  effects 
of  IF,  IF  had  no  effect  on  the  activity  of  cytotoxic  T  cells  that  were 
generated  in  mixed  leukocyte  culture.   There  was  also  no  boosting  effect 
on  granulocyte-mediated  cytostasis. 

NK  activity  has  been  examined  in  mice  after  treatment  with  urethane, 
a  carcinogen  that  induces  lung  adenomas.   The  experiments  were  done  with 
A/HeJ  mice,  a  strain  with  low  activity  and  high  susceptibility  to  the  carcin- 
ogenic effects  of  urethane.   Urethane  was  found  to  cause  a  biphasic  decrease 
in  NK  activity,  first  at  1-4  days  after  treatment  and  then  at  7-10  days 
and  persisting  for  at  least  2  weeks.   In  contrast,  C57BL/6  mice,  that  are 
relatively  resistant  to  the  carcinogenic  effects,  showed  little  depression 
of  NK  activity. 

C.  parvum  can  either  augment  or  suppress  murine  NK  activity  depending 
on  the  route  of  injection  and  the  time  after  administration.   A  variety 
of  antibodies,  that  appeared  to  react  with  cell  surface  antigens  on  NK 
cells,  caused  augmentation  of  NK  activity.   Some  lectins,  including  Helix 
pomatia,  peanut  agglutinin,  soy  bean  agglutinin,,  and  phytohemagglutinin 
also  caused  enhanced  activity.   Several  types  of  experiments  indicated 
that  IF  did  not  play  a  role  in  this  boosting. 

Studies  were  initiated  to  examine  the  role  of  phospholipid  methylation 
in  cell-cell  interaction  and  cytolysis  by  NK  cells.   These  have  indicated 
a  significant  role  for  phospholipid  methylation  in  the  activity  of  NK  cells. 
Interaction  of  peripheral  blood  cells  with  susceptible  tumor  lines  led 
to  increased  phospholipid  methylation  during  the  early  stages  of  cell-cell 
contact.   Degradation  of  phospholipids,  primarily  via  the  phospholipase 
Aj  pathway,  appeared  to  play  a  central  role  in  initiation  of  the  cytolytic 
process.   Specific  inhibition  of  phospholipid  methylation,  by  drugs  which 
interfere  with  methyl-group  donation  by  S-adenosyl  methionine  at  doses 
where  other  methylation  reactions  were  unimpeded,  lent  strong  support  to 
these  initial  findings.   Inhibitors  of  phospholipase  A_  activity,  were 
also  shown  to  inhibit  natural  killer  function.   Alkyl  phospholipids  were 
found  to  promote  natural  killing  and  monocyte-mediated  cytotaxis.   In  related 
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studies,  IF  was  shown  to  decrease  the  rate  of  phospholipid  methylation 
in  intact  peripheral  blood  mononuclear  cells.   Preliminary  experiments 
showed  this  to  be  a  result  of  increased  catabolism  of  phospholipids,  rather 
than  diminished  synthesis  alone. 

Functional  evaluation  of  human  monocytes,  isolated  from  the  peripheral 
blood  of  normal  donors  by  a  variety  of  techniques  was  carried  out  in  a 
growth  inhibitory  assay  (GIA) .   IF,  previously  shown  to  be  effective  in 
boosting  lytic  capacity  of  monocytes  as  well  as  lymphocytes ,  failed  to 
consistently  show  significant  enhancement  of  cytostatic  function.   Neither 
inhibitors  of  prostaglandin  synthesis  nor  exogenous  prostaglandins  showed 
effects,  despite  known  involvement  of  prostaglandins  in  the  mediation  of 
various  monocyte  functions.   Corticosteroids  were  also  without  effect  in 
vitro.   Some  indication  was  obtained  for  a  role  of  phorbol  ester  in  augmen- 
ting human  monocyte  GIA. 

In  order  to  get  specific  immune  CTC  against  human  tumors,  one  would 
have  to  distinguish  between  different  types  of  cytotoxicity.   Cytotoxicity 
tests  were  performed  with  CTC  against  three  lung  tumor  cell  lines  and  one 
breast  cancer  cell  line.   All  14-  to  28-day-old  CTC,  whether  they  originated 
from  normals  or  patients,  were  broadly  cytotoxic.   The  cytolytic  activity 
of  the  CTC  was  correlated  with  the  ability  of  such  cells  to  attach  to, 
and  form  conjugates  (rosettes)  with,  the  sensitive  targets.   Some  of  the 
CTC  tested  showed  high  levels  of  cytotoxicity  against  the  adherent  tumor 
cell  lines,  while  not  reacting  with  the  K-562  cell  line. 

The  LAI  assay  as  currently  used  in  laboratories  is  time  consuming, 
technically  demanding  and  large  numbers  of  cells  are  needed  to  test  for 
reactivity  against  a  large  number  of  antigens.   The  original  hemocytometer 
assay  appears  to  be  more  sensitive  and  specific  than  the  most  popular  modifi- 
cation which  uses  glass  tubes  as  the  adherence  vessel.   This  difference 
in  sensitivity  and  specificity  may  be  a  reflection  of  the  different  condi- 
tions used  in  the  tube  assay,  the  major  difference  being  the  lack  of  serum 
in  the  medium.   The  main  technical  problem  associated  with  the  hemocytometer 
assay  is  the  visual  counting,  which  limits  the  number  of  reaction  mixtures 
which  may  be  tested  on  a  particular  day.   Also,  each  hemocytometer  must 
be  washed  individually  to  remove  the  non-adherent  cells.   This  leads  to 
considerable  variability  in  the  assay... A  modified  assay  was  developed 
with  mononuclear  cells  labelled  with    Indium.   The  modified  assay  was 
found  to  be  more  objective,  less  variable,  and  more  amenable  to  testing 
of  large  numbers  of  samples. 

Previous  studies  indicated  that  low  concentrations  of  IF  could  induce 
the  production  and/or  release  of  lymphokine  by  human  lymphocytes  in  response 
to  bacterial  and  tumor  associated  antigens.   To  determine  whether  this 
was  due  to  augmentation  of  usually  undetectable  immune  responses  or  to 
facilitation  of  primary  immune  responses,  experiments  were  performed  with 
keyhole  limpet  hemocyanin  (KLH) ,  a  strong  antigen  to  which  few  human  donors 
have  pre-existing  immunity.   10/12  KLH  non-sensitive  normal  donors  produced 
LIF  following  exposure  to  KLH  in  the  presence  of  IF,  as  compared  to  0/12 
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normal  donors  tested  without  IF.   These  data  indicate  that  IF  may  facili- 
tate the  in  vitro  induction  of  primary  immune  responses  to  antigens. 

Considerable  emphasis  has  been  placed  on  refinement  of  the  radioimmuno- 
assay (RIA)  for  human  lung  tumor-associated  antigen  (hLTAA) .   Although 
the  present  form  of  the  RIA  has  already  been  useful  for  clinical  studies, 
it  has  been  desirable  to  eliminate  a  high  baseline  with  normal  sera  that 
is  due  to  the  cross-reactivity  of  hLTAA  with  serum  c^-antichymotrypsin 
(ACT).   In  order  to  circumvent  this  difficulty  of  cross-reactivity  the 
properties  of  hLTAA  and  ACT  were  compared.   ACT  from  normal  human  plasma 
was  purified,  to  apparent  homogeneity  and  shown  that  it  is  responsible^ 
for  inhibition  in  the  RIA.   This  purified  protein  inhibited  chymotrypsin 
activity,  whereas  the  hLTAA  had  no  measurable  effect.   This  provided  a 
clear  distinction  between  hLTAA  and  ACT.   In  addition,  a  considerable  effort 
has  been  made  to  study  the  isoelectric  focusing  (IEF)  properties  of  the 
hLTAA  and  ACT.   The  results  of  these  experiments  suggested  a  possible  method 
for  eliminating  interference  in  the  RIA  by  ACT.   Isoelectric  focusing  on 
polyacrylamide  slab  gels  gave  good  separation  of  the  two  proteins. 

The  RIA  for  hLTAA  has  been  used  to  examine  sera  from  more  than  100 
normal  individuals,  many  patients  with  benign  disease,  and  approximately 
300  patients  with  lung  cancer.  All  major  lung  cancer  cell  types  have  been 
included,  and  some  patients  have  been  tested  before  and  after  surgical 
resection.   The  assay  distinguishes  sera  of  normal  individuals  from  patients 
with  malignant  disease,  but  may  not  be  specific  for  malignant  lung  disease. 
There  is  also  evidence  for  a  positive  correlation  with  the  extent  of  disease. 
In  addition,  24  patients  with  lung  cancer  have  been  available  for  serial 
serum  sampling,  for  periods  of  5  to  19  months.   In  general,  there  is  a 
positive  correlation  between  disease  status  and  marker  levels,  and  this 
is  especially  evident  in  those  patients  who  have  been  monitored  before 
and  after  successful  resection  for  localized  disease. 

The  research  program  of  the  Laboratory  of  Immunobiology,  under  the 
direction  of  Dr.  H.  Rapp,  consists  of  studies  on  the  mechanisms  responsible 
for  the  host's  natural  resistance  to  oncogenesis  and  of  the  search  for 
immunologic  methods  to  promote  that  resistance.   Information  derived  from 
these  studies  have  been  applied  to  the  treatment  of  clinical  Stage  1  human 
cancer.   Evidence  has  been  obtained  indicating  that  this  treatment  may 
be  useful  in  the  management  of  human  malignant  melanoma  and  of  head  and 
neck  cancer.   The  design  of  the  clinical  studies  was  based  on  the  observation 
that  intratumoral  injection  of  living  BCG  or  a  specially  prepared  emulsion 
of  killed  BCG  was  curative  in  the  guinea  pig,  line  10  hepatoma  model. 
The  guinea  pig  model  is  also  being  used  to  find  optimal  conditions  for 
active  specific  immunization  in  the  treatment  of  malignant  disease  remaining 
after  surgery.   Irradiated  tumor  cells  were  an  effective  immunogen,  but 
greater  numbers  of  irradiated  tumor  cells  were  required  to  produce  thera- 
peutic results  comparable  to  those  found  with  living  tumor  cells. 
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Studies  have  continued  on  the  nature  of  a  cross  reacting,  or  common 
tumor  rejection  antigen  found  on  a  pair  of  chemically-induced  murine  fibro- 
sarcomas.  Immunization  of  mice  with  syngeneic  embryo  cells  infected  with 
ecotropic  murine  leukemia  virus  derived  from  one  of  the  fibrosarcomas  pro- 
tected mice  against  a  challenge  of  living  tumor  cells.   The  results  indicate 
that  antigens  coded  for  by  ecotropic  murine  leukemia  virus  may  function 
as  tumor  rejection  antigens  on  chemically-induced  fibrosarcomas. 

Studies  on  the  influence  of  drugs,  hormones,  enzymes  and  antilipidemic 
agents  on  the  susceptibility  of  tumor  cells  to  complement  mediated  killing 
are  being  extended  to  include  chemical  analysis  of  several  different  cell 
lines  under  various  treatments.   Alterations  in  cell  susceptibility  to 
humoral  immune  killing  appear  to  be  related  to  the  fluidity  of  cellular 
membranes.   An  additional  variable  associated  with  a  cell  s   susceptibility 
to  immune  killing  was  the  growth  phase  in  which  it  was  tested.   The  effect 
of  this  variable  on  human  cells  differed  from  that  on  mouse  cells.   Human, 
guinea  pig  and  mouse  tumor  cells  differed  in  their  susceptibility  to  humoral 
immune  killing  depending  on  the  specificity  of  the  sensitizing  antibody 
and  the  species  of  complement. 

Evidence  has  been  obtained  indicating  that  macrophage  activation  for 
tumor  cytotoxicity  is  the  end  result  of  a  series  of  reactions  each  with 
its  own  activation  stimulus  and  responsive  cell.   These  studies  were  facili- 
tated by  the  availability  of  mouse  strains  with  genetic  defects  in  the 
ability  of  their  macrophages  to  become  activated.   A  multiwell  chamber 
was  designed  and  produced  which  together  with  the  use  of  an  image  analyzer 
will  greatly  increase  the  output  and  quality  of  studies  on  chemotaxis. 
A  purification  method  has  been  developed  for  a  human  lymphocyte  derived 
chemotaxin.   The  availability  of  the  purified  material  should  facilitate 
clinical  studies  on  the  influence  of  malignant  disease  on  the  patient's 
chemotactic  responses.   A  complement-derived  chemotaxin  from  mouse  serum 
has  been  purified.   A  convenient  method  has  been  devised  to  study  the  chemo- 
taxis of  neutrophils.   Subpopulations  of  neutrophils  have  been  detected 
on  the  basis  of  which  chemotaxin  a  particular  cell  population  responds 
to.   Studies  on  desensitization  of  human  monocytes  to  specific  chemotaxins 
have  continued.   Desensitization  to  one  chemotaxin  has  no  effect  on  the 
cell's  response  to  a  different  chemotaxin.   After  removal  of  the  chemotaxin 
used  for  desensitization  there  is  a  gradual  recovery  of  responsiveness. 

Mycobacterial  components  and  analogs  were  tested  for  antitumor  activity 
and  toxicity.   Intratumoral  injection  of  ultrasonically  prepared  emulsions 
of  the  synthetic  glycolipid  methyl  6-0-(2-tetradecyl-3-hydroxyocta-decanoyl)- 
3-D-glucopyranoside  (designated  C39)  induced  complete  regression  of  transplants 
of  a  syngeneic  murine  fibrosarcoma  in  most  of  the  treated  animals  as  did 
6 ,6'-di-0-(2-tetradecyl-3-hydroxyoctadecanoyl)-3, 3, -trehalose  (designated 
C76)  in  a  previous  study.   The  C76  compound,  about  twice  the  molecular 
weight  of  C39 ,  was  more  effective  therapeutically  than  the  smaller  molecule. 
Ultrasonically  prepared  emulsions  of  C39  and  C76  were  not  toxic  when  given 
intravenously.   Intravenously  administered  emulsions  of  C39  prepared  by 
mechanical  grinding  were  more  toxic,  but  less  granulomagenic ,  than  those 
containing  C76. 
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The  antitumor  activity  of  an  emulsified  mixture  of  cord  factor  (trehalose- 
6,6'-dimycolate,  a  mycobacterial  glycolipid)  and  synthetic  MDP  (muramyl 
dipeptide)  was  studied  in  guinea  pigs,  each  with  an  established,  syngeneic 
dermal  tumor  and  microscopically  detectable  metastasis  in  regional  lymph 
nodes.   A  single  intralesional  administration  of  the  emulsified  mixture 
was  an  effective  treatment  causing  tumor  regression  and  elimination  of 
lymph  node  metastasis.   C76  could  substitute  for  cord  factor  in  this  mixture. 
Animals  cured  of  their  tumors  by  this  treatment  rejected  a  contralateral 
tumor  cell  challenge.   MDP  was  toxic  to  guinea  pigs  when  given  intralesionally 
at  doses  of  2  mg  or  more  (about  200  times  the  dose  used  for  effective  immuno- 
therapy) as  judged  by  loss  of  weight  and  death. 

Hexadecane  was  compared  to  mineral  oil  for  its  influence  on  the  anti- 
tumor activity  in  mice  of  emulsified  Bacillus  Calmette-Guerin  cell  walls 
(CW)  or  emulsified  trehalose-6 ,6 '-dimycolate  (TDM).   Hexadecane  was  an 
effective  substitute  for  mineral  oil  as  a  carrier  of  CW  or  TDM  in  the  treat- 
ment of  the  tumor.   The  number  of  animals  in  which  tumor  regressed  completely 
depended  on  the  concentration  of  mineral  oil  or  hexadecane  in  the  emulsion. 
The  influence  of  Tween  80,  the  surfactant  used  to  stabilize  the  emulsions, 
on  the  antitumor  activity  of  ultrasonically  prepared  hexadecane-in-water 
emulsions  of  CW  or  TWM  was  studied.   The  number  of  treated  mice  in  which 
tumor  regressed  completely  depended  on  the  concentration  of  Tween  in  each 
of  the  emulsions.   As  the  concentration  of  Tween  was  decreased  below  the 
optimal  range,  TDM  became  less  therapeutically  active,  but  CW  retained 
antitumor  activity  even  in  the  absence  of  added  detergent. 

Studies  on  the  complement-mediated  killing  of  nucleated  cells  are 
continuing.   Earlier  studies  have  shown  that  the  susceptibility  of  line- 
1  and  line-10  hepatoma  cells  of  guinea  pigs  could  be  modified  by  pre  treatment 
with  selected  drugs,  hormones,  enzymes  and  antilipidemic  agents.   The  effect 
was  reversible.   Pretreatment  of  the  cells  with  drugs,  enzymes  or  antili- 
pidemic agents  rendered  the  cells  more  susceptible  to  killing  by  antibody 
plus  C  whereas  pretreatment  with  selected  hormones  rendered  the  cells  more 
resistant  to  humoral  immune  attack  compared  to  untreated  cells.   The  modifi- 
cations in  the  sensitivity  of  the  cells  following  drug  or  hormone  treatment 
correlated  with  effects  on  synthesis  of  complex  lipids  but  not  DNA,  RNA, 
protein  or  complex  carbohydrate.   Cells  rendered  sensitive  following  treat- 
ment with  drug  were  inhibited  whereas,  hormone  treatment  enhanced  the  incor- 
poration of  newly  synthesized  phospholipids  into  cell  surface  and  internal 
membranes. 

Lipid  and  fatty  acid  composition  of  subcellular  fractions  of  drug- 
or  hormone-treated  line-10  tumor  cells  was  determined.   This  study  showed 
that  drugs  increase  and  hormones  decrease  the  susceptibility  of  the  cells 
to  immune  killing  by  increasing  and  decreasing,  respectively,  the  fluidity 
of  cellular  membranes.   In  addition,  the  lipid  and  fatty  acid  composition 
of  the  line-10  cells  was  modifiable  by  chemical  and  physical  means.   In 
this  regard,  increasing  the  lecithin: sphingomyelin  mole  ratio  in  the  cells 
by  culturing  them  in  lecithin-rich  plasma  or  lecithin-enriched  culture 
medium,  increased  the  cells'  susceptibility  to  antibody-C  killing.   In 
contrast,  saturating  the  fatty  acid  constituents  of  the  cellular  lipids 
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in  a  homogenously  catalyzed  hydrogenation  reaction  had  the  opposite  effect. 
These  data  support  the  theory  that  membrane  fluidity  is  a  controlling  factor 
in  the  susceptibility  of  tumor  cells  to  antibody-C  killing. 

Cytotoxins  secreted  by  leukocytes  may  contribute  to  host  destruction 
of  tumor  cells.   Such  cytotoxins  can  be  detected  in  culture  fluids  of  mitogen- 
stimulated  mouse  spleen  cells.   However,  it  is  not  known  whether  the  cyto- 
toxins are  produced  by  lymphocytes.   The  possibility  that  other  cells  might 
produce  toxic  products  is  raised  by  the  physicochemical  heterogeneity  of 
the  culture  fluid  toxins  and  by  the  fact  that  macrophage-like  cell  lines 
produce  cytotoxins.   In  studies  on  the  production  of  cytotoxins  by  PHA- 
stimulated  mouse  spleen  cells,  it  was  shown  that  at  least  2  cell  types 
were  required  —  one  adherent  to  tissue  culture  plastic,  the  other  not. 
Treatment  of  the  unf ractionated  spleen  cell  population  with  monoclonal 
anti-theta  antibody  and  guinea  pig  complement  reduced  lymphotoxin  production 
by  more  than  90%.   Restoration  of  production  was  achieved  by  addition  of 
the  nonadherent  fraction,  but  not  by  the  adherent  fraction.   Thus  it  appears 
that  a  T-cell  is  required  for  production  of  cytotoxin  by  mouse  spleen  cells, 
but  the  producing  cell  has  not  been  positively  identified. 

The  nature  of  cell  membrane  damage  caused  by  immunologic  mechanisms 
is  under  investigation.   Damage  caused  by  antibody  plus  complement  or  by 
sensitized  T  lymphocytes  is  associated  with  complete  loss  of  membrane  poten- 
tial and  electrical  resistance  as  determined  by  intracellular  recording 
performed  with  microelec trodes.   Additional  information  concerning  membrane 
lesions  has  been  obtained  using  resealed  red  blood  cell  ghost  membranes. 
Both  complement  and  ADCC  effector  cells  release  markers  revealed  inside 
red  cell  ghosts  with  a  very  strong  size  dependence.   This  sieving  effect 
was  also  observed  when  the  entry  of  protein  markers  into  complement  treated 
ghosts  was  measured,  with  the  same  protein  molecular  weight  cut-off  as 
was  observed  for  marker  efflux.   These  studies  are  being  pursued  to  further 
characterize  the  structural  components  of  lesions  produced  in  cell  membranes 
by  immune  mechanisms. 

The  research  program  of  the  Laboratory  of  Cell  Biology,  directed  by 
Dr.  L.  Law,  covered  a  number  of  projects. 

Dr.  Michael  Potter  and  his  associates  have  continued  their  outstanding 
work  on  myeloma  proteins.   They  have  found  that  one  of  the  groups  of  antigen 
binding  myeloma  proteins  currently  being  analyzed  consists  of  proteins 
with  binding  specificity  for  6(1,6)  galactan  containing  antigens.   Light 
chain  variable  region  amino  acid  sequences  for  6  kappa  chains  from  this 
group  has  been  completed.   The  results  support  a  previous  suggestion  that 
the  kappa  chain  variable  region  is  coded  for  by  two  distinct  gene  segments. 
Nucleic  acid  studies  from  other  laboratories  have  defined  the  boundaries 
of  these  gene  segments.   The  variable  region  gene  (V)  codes  for  amino  acids 
1-95  and  the  joining  region  gene  (J)  codes  for  amino  acids  96-108.   Posi- 
tion 96,  which  is  coded  for  by  the  J  gene,  is  the  last  residue  in  the  third 
complementarity  determining  region  and  could  thus  potentially  introduce 
structural  variation  in  the  antibody  combining  site.   Four  different  J 
genes  have  been  identified  each  of  which  presumably  can  recombine  with 
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any  given  V  gene.   In  addition,  alterations  in  the  frame  of  recombination 
between  V  and  J  could  produce  additional  amino  acids  at  position  96  further 
contributing  to  binding  site  structural  diversity. 

Complete  V-region  structures  of  four  galactan  binding  myeloma  proteins 
have  now  been  determined.   Hypothetical  model  building  offers  new  approaches 
to  determining  3  dimensional  structures.   Models  are  made  by  modifying 
segments  of  V-regions  utilizing  when  possible  known  secondary  structures. 
A  new  approach  is  being  attempted  in  studies  using  a  computerized  program, 
in  which  3  dimensional  space  filling  models  can  be  graphically  depicted 
from  a-carbon  coordinates.   To  derive  a  new  Ig-V  structure  from  a  determined 
structure  requires  an  analysis  of  the  amino  acid  side  chain  contacts,  m_ 
the  substituted  molecule.   A  computer  program  has  been  worked  out  for  this 
process  and  has  analyzed  J539 .   A  minimal  number  of  contacts  with  all  substi- 
tutions in  place  has  been  found. 

H2  and  L3  and  Ll  contain  clusters  of  hydrogen  bond  accepting  amino 
acids.   Further,  these  two  centers  flank  two  tryptophanes,  one  from  V 
and  one  from  V„.   When  J539  binds  haptens,  the  fluorescence  of  the  J539 
changes  in  thewavelength  of  tryptophan  implying  that  binding  site  is  close 
to  tryptophanes.   Since  these  are  the  only  two  available  tryptophans  this 
general  region  is  probably  the  location  of  the  galactan  binding  site. 
Using  the  computer  display  system,  in  which  a  part  of  J539  frontal  surface 
and  Gal3  are  projected  it  is  possible  to  explore  a  large  number  of  binding 
positions.   This  is  done  by  moving  Gal3  while  J539  is  stationary.   Positions 
were  sought  in  which  the  oxygens  of  the  terminal  sugar  and  the  reducing 
sugar  were  approximately  4A  away  from  one  or  more  H-bond  accepting  ammo   _  _ 
acid  side  chains  of  J539 .   A  position  with  these  characteristics  was  identified. 

The  amino  acid  sequence  of  the  kappa  chain  variable  region  from  M0PC511 
has  been  determined.   This  light  chain  is  a  member  of  a  group  of  seven  _ 
murine  phosphorylcholine  binding  proteins  of  which  only  one  other  protein 
(MOPC167)  appears  to  belong  to  the  same  group.   Comparison  of  the  variable 
region  amino  acid  sequence  of  these  two  proteins  revealed  ten  ammo  acid 
interchanges  all  occurring  in  framework  regions.   All  substitutions  can 
be  accounted  for  by  single  nucleotide  change.   The  best  interpretation 
of  these  data  is  that  167  and  511  light  chains  are  coded  by  separate  germ 
line  genes  and  that  the  mouse  kappa  system  may  consist  of  a  large  number 
of  germ  line  genes. 

Attempts  to  purify  to  homogeneity  the  tumor  rejection  antigen(s)  of 
the  Meth  A  sarcoma  are  continued.   The  results  of  recent  studies  with  the 
cytosol-derived  antigen(s)  are  as  follows:   1)  the  majority  of  the  TSTA 
is  in  the  cytosol,  2)  the  biochemical  properties,  and  the  immunologic  properties 
are  similar  in  both  the  membrane-derived  and  the  cytosol  derived  TSTA, 
3)  the  active  fraction  following  S-200,  lectin  and  AcA54  chromatography 
is  in  the  60-70,000  M  range  and  4)  this  most  enriched  cytosol  fraction 
is  found  to  absorb  inhibition  of  the  Meth  A  specific  antiserum  that  detects 
TSSA  on  Meth  A  cells.   Thus  TSTA  and  TSSA  appear  to  be  related  antigens 
and  they  appear  not  to  be  integral  membrane  proteins  but  to  be  peripherally 
bound  to  the  membrane,  and  5)  two-dimensional  gel  electrophoresis  of  the 
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most  active  fraction  from  the  final  AcA54  chromatography  shows  that  a  major 
component  of  68,000  M   may  represent  the  TA  (TSTA  and  TSSA) . 

Collaborative  studies  of  the  mechanisms  involved  in  the  specific  Meth 
A  immunogenicity  found  in  the  cells  of  an  M-MSV  (MuLV)-induced  BALB/c  sarcoma 
are  continued.   It  was  found  originally  that  a  tissue-culture  passaged 
variant  of  the  neoplasm,  HA,  was  capable  of  absorbing  cytotoxicity  of 
the  specific  a-Meth  A  antiserum,  the  only  one  (except  Meth  A)  of  more  than 
100  neoplasms,  normal  tissues  and  viruses  capable  of  absorption.   The  HA 
variant  was  found  to  immunize  BALB/c  mice  in  a  specific  manner  against 
Meth  A  only.   The  HA  variant  is  a  virus  producer  line  but  in  contrast 
to  the  original  HA  tumor  line  (carried  in  vivo)  does  not  contain  rescuable 
MSV.   A  B-tropic  virus  has  been  isolated  from  the  HA  variant  line.   This 
uncloned  virus  (HK-MuLV)  when  infecting  SC-1  cells  was  found  to  transmit 
specific  immunity  to  Meth  A. 

Efforts  have  been  concentrated  on  identifying  and  characterizing  the 
cell  surface  neoantigens  on  RBL-r  leukemia  cells.   Particular  emphasis 
has  been  placed  on  identifying  those  antigens  that  a)  induce  tumor  rejection 
activity  in  vivo  (TSTA),  b)  induce  cytotoxic  T  lymphocytes  in  vitro,  c) 
are  recognized  in  a  C' -dependent  cytotoxicity  assay  using  a  newly  developed 
syngeneic  antiserum. 

The  bulk  of  the  effort  was  devoted  to  the  biochemical  isolation  of 
the  TSTA.   Initially,  purification  was  carried  out  using  purified  plasma 
membranes  (PM)  of  RBL-5  cells  as  starting  material.   Later  it  was  discovered 
that  the  cytosol  of  RBL-5  cells  also  contained  abundant  amounts  of  TSTA 
as  with  Meth  A  and  CI-4.   The  purification  steps  for  the  PM  isolated  antigen 
included,  a)  gel  filtration  of  DOC-solubilized  PM  on  Ultrogel  AcA34 .   b) 
Lens  culinaris  lentil  lectin  affinity  chromatography  and  subsequent  elution 
of  bound  proteins  with  3%  ct-methylmannoside.   c)  Isoelectric  focusing. 
In  the  last  step  of  attempted  purification  the  active  TSTA  was  found  be- 
tween pH  5.5  and  5.8.   Under  the  denaturing  conditions  of  SDS-PAGE,  3  poly- 
peptides could  be  resolved  for  the  TSTA;  in  the  absence  of  SDS ,  only  one 
band  could  be  resolved.   This  suggests  that  the  three  polypeptides  are 
naturally  associated  in  a  complex. 

A  karyotypic  analysis  of  primary  and  early  transfer  generation  plasmacy- 
tomas has  been  carried  out  using  G-banding  to  identify  specific  chromosomes. 
Among  18  tumors  analyzed  several  characteristic  translocations  have  been 
identified:   T6;15,  T12;15,  deleted  15.   Sixteen  of  the  18  tumors  have 
the  T12;15  and  del  15  abnormality  and  3  have  the  rcpT6;15.   The  translocations 
(like  the  allelic  exclusion  phenomenon)  involves  only  1  haplotype  in  a 
cell  and  in  tetraploid  cells  only  2  of  the  4  chromosomes  are  involved. 
The  break  in  chr.  15  however,  is  consistent  throughout  and  appears  to  occur 
in  the  same  band  site.   Because  chr.  15  is  implicated  in  T-cell  leukemias 
in  the  mouse,  it  is  possible  that  a  break  in  chromosome  15  may  have  an 
important  biological  effect  on  the  differentiation  and  development  of  B- 
lymphocytes  and  plasma  cells. 
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The  studies  on  the  identification  of  genes  conferring  susceptibility 
to  mineral  oil  plasmacytomagenesis  in  BVALB/c  mice  have  been  continued. 
Most  inbred  strains  of  mice  are  not  susceptible  to  peritoneal  plasmacytomage- 
nesis.  The  remarkable  susceptibility  of  strains  BALB/c  and  NZB  suggests 
specific  genes  are  involved.   Fl  hybrids  of  BALB/c  and  the  resistant  DBA/2 
strains  are  resistant  to  plasma  cytomagenesis  suggesting  resistance  genes 
are  dominant.   The  aim  of  this  work  is  to  identify  the  resistance  (r)  genes, 
as  a  first  step,  and  then  to  test  whether  the  allele  of  the  R  gene  is  a 
susceptibility  gene  by  linkage  association.   The  ultimate  aim  is  to  find 
the  product  or  the  function  of  the  susceptibility  gene  and  show  how  it 
leads  to  neoplastic  change  in  plasma  cells. 

The  study  of  the  growth  and  differentiated  function  of  the  Fisher 
rat  thyroid  cells  (FRTL)  has  continued.   It  was  found  that  the  kinetics 
of  iodine  uptake  in  these  cells  is  analogous  to  rat  thyroid  jji  vivo.   It 
was  also  found  however,  that  these  cells  have  no  detectable  synthesis  of 
the  thyroid  hormones  T3  and  T4  as  assayed  by  a  sensitive  RIA  procedure 
refined  from  commercially  available  antibodies  and  radioactive  ligands. 
Current  studies  look  for  the  reason  for  this  lack  of  synthesis,  which  seems 
to  be  related  to  the  failure  of  FRL  cells  to  organize  into  properly  oriented 
follicular  structures  in  culture  dishes.   The  possibility  of  another  cell 
type  being  necessary  for  the  formation  of  follicles  in  vivo  is  being  studied 
by  isolating  clones  of  cells  from  newly  prepared  lines  of  fully  functional 
thyroid  cells,  which  do  form  follicles  and  make  thyroid  hormones.   These 
clones  will  be  tested  for  their  ability  to  interact  with  FRTL  cells  to 
form  functional  follicles  which  produce  thyroid  hormone.   The  attachment 
and  growth  of  FRTL  cells  has  been  studied  on  both  porous  and  non  porous 
microcarrier  beads,  showing  that  the  cells  will  attach  to  the  beads  and 
remain  viable.  These  microcarriers  do  appear  to  be  useful  for  the  large 
scale  production  of  SV40  transformed  strains  of  FRTL  derived  cells. 

The  organization  of  immunoglobulin  light  and  heavy  chain  genes  and 
the  control  mechanisms  active  in  selecting  those  being  transcribed  and 
those  which  are  expressed  in  protein  synthesis  are  being  studied.   Particular 
attention  has  been  devoted  to  the  molecular  biology  of  mouse  IgD  since 
the  identification  of  the  first  two  mouse  plasmacytomas  that  secrete  this 
class  of  Ig.   The  nature  of  the  two  IgD  myeloma  proteins,  their  glycosylation 
during  biosynthesis  and  secretion,  and  their  antigenic  properties  have 
been  investigated.   mRNA  for  the  IgD  heavy  chain  has  been  prepared  from 
one  tumor  and  used  to  synthesize  cDNA.   This  cDNA  has  been  cloned  in  bacteria 
and  used  to  isolate  a  genomic  DNA  clone  containing  the  IgD  heavy  chain. ^ 
The  DNA  sequence  of  the  cDNA  clone  and  the  genomic  clone  have  been  partially 
completed.   The  IgD  heavy  chain  constant  region  gene  has  been  found  to 
be  close  to  the  IgM  constant  region  gene  in  mouse  liver  DNA. 

Some  tumor  cells  are  suppressive  for  T  cell-mediated  cytotoxic  responses 
both  in  the  syngeneic  system  against  tumor  associated  antigens  and  in  the 
allogeneic  system  against  alloantigens.   The  suppressive  factors  isolated 
from  tumor  cells  can  be  of  either  viral  origin  or  nonviral  origin.   The 
viral  component  is  most  likely  to  be  of  endogenous  origin.   To  combat  the 
immunosuppressive  effect  of  tumor  cells,  the  host  can  use  macrophages  to 
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reverse  the  immunosuppression.   It  has  been  further  determined  that  only 
the  macrophages  derived  from  the  peritoneal  cavity  possess  this  capability. 

A  high  dose  of  tumor  cells  can  directly  suppress  T  cell-mediated  immunity. 
In  the  presence  of  a  nonsuppressive  dose  of  tumor  cells,  suppression  of 
T  cell  response  can  be  induced  through  host  macrophages.   It  has  been  further 
determined  that  this  tumor  cell  triggered  macrophage-raediated  suppression 
requires  the  collaboration  of  two  subsets  of  macrophages:   splenic  and 
peritoneal  macrophages.   Suppression  can  be  induced  only  if  splenic  macrophages 
are  preexposed  to  tumor  cells  and  then  the  suppressor  mechanism  is  triggered 
by  further  interaction  with  peritoneal  macrophages.   Preexposure  of  peritoneal 
macrophages  to  tumor  cells  prevents  the  induction  of  suppression  by  tumor 
cells.   It  appears  that  macrophages  play  a  critical  role  in  the  regulation 
of  T  cell  response  to  tumor  cells. 

Various  cellular  compartments  of  the  immune  system  show  different 
degrees  of  susceptibility  to  tumor  cell  suppression.   This  can  be  best 
studied  by  comparison  of  the  immunocompetence  of  various  cellular  compartments 
in  normal  and  in  tumor  bearing  hosts.   It  has  been  found  that  not  only 
is  there  no  decrease  in  the  ability  of  tumor  bearers'  peritoneal  macrophages 
to  reverse  the  immunosuppressive  effect  of  tumor  cells,  this  ability  is 
actually  higher  in  the  tumor  bearers.   In  contrast,  the  splenic  macrophages 
of  tumor  bearers  are  found  to  be  suppressive  for  T  cell-mediated  immunity. 
This  is  shown  by  their  ability  to  interfere  with  the  peritoneal  macrophages 
to  reverse  the  immunosuppressive  effect  of  tumor  cells,  and  to  increase 
the  susceptibility  to  tumor  cell  suppression.   These  findings  demonstrate 
the  dichotomy  of  macrophage  function.   Furthermore,  T  cell-mediated  cytotoxic 
response  is  largely  intact  in  tumor  bearers  if  the  response  is  performed 
in  an  in  vitro  tumor  free  environment.   However,   this  T  cell  response 
is  greatly  reduced  in  the  presence  of  tumor  bearers  either  in  vitro  or 
in  vivo.   Therefore,  immune  response  in  tumor  bearers  is  also  dependent 
upon  the  interaction  among  various  lymphoid  cellular  elements  and  the  tumor 
cells. 

The  clinical  research  program  of  the  Metabolism  Branch  under  the  direction 
of  Dr.  T.  Waldmann  is  directed  toward  two  major  goals.   The  first  is  to 
define  host  factors  that  result  in  a  high  incidence  of  neoplasia.   The 
second  major  goal  is  to  determine  the  physiological  and  biochemical  effects 
that  a  tumor  produces  on  the  metabolism  of  the  host. 

A  broad  range  of  immunological  investigations  are  carried  out  in  patients 
with  malignancy,  and  immune  deficiency  diseases  as  well  as  in  experimental 
animal  systems  to  determine  the  nature  of  immune  processes  that  are  of 
importance  in  the  surveillance  against  neoplastic  cells  and  to  define  the 
nature  of  defects  in  the  immunological  system  that  result  in  an  increased 
incidence  of  neoplasia.   Major  efforts  are  directed  toward:   1)  Defining 
events  of  cellular  maturation,  interaction  and  biosynthesis  involved  in 
the  normal  circulating  antibody  response.   2)  Identification  of  unique 
cell  surface  determinants  on  subpopulations  of  lymphoid  cells  with  different 
functional  capabilities.   3)  The  genetic  control  of  the  immune  response 
especially  as  related  to  the  immune  response  genes  associated  with  the 
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major  histocompatibility  complex.   4)  Studies  of  the  mechanism  of  action 
of  various  cytotoxic  cells  and  their  contribution  to  host  defense.   5) 
Detection  of  circulating  tumor  associated  antigens.   Patients  with  disorders 
that  facilitate  the  development  of  techniques  for  the  study  of  cell  membranes, 
homeostatic  mechanisms  and  metabolic   derangements  of  biochemical  control 
mechanisms  are  being  investigated.   Within  this  area  a  special  emphasis 
is  laid  on  the  biochemical  events  accompanying  normal  growth  and  the  hormonal 
control  of  this  growth  as  it  relates  to  our  understanding  of  malignant 
growth  and  on  the  metabolism  of  proline  and  the  porphyrins. 

A  major  effort  over  the  past  few  years  has  been  directed  toward  defining 
the  major  events  of  cellular  differentiation,  interaction  and  biosynthesis 
involved  in  the  specific  circulating  immune  response.   These  studies  have 
placed  special  emphasis  on  defining  the  defects  of  B  cell  genes  controlling 
immunoglobulin  synthesis  and  of  regulatory  T  cell  and  macrophage  interaction 
with  B  lymphocytes  and  plasma  cells  that  occur  in  patients  with  primary 
immunodeficiency  diseases  associated  with  a  high  incidence  of  malignancy, 
in  patients  with  autoimmune  disorders  as  well  as  in  patients  with  malignancies 
of  the  T  or  B  lymphocyte  systems.   Overall  these  studies  were  directed 
at  defining  the  factors  in  normal  and  abnormal  states  controlling  the  produc- 
tion of  antibodies  and  the  synthesis  of  the  immunoglobulin  molecules. 
Cells  that  ultimately  produce  antibodies  undergo  sequential  maturation 
from  stem  cells  in  the  marrow  to  B  lymphocytes  and  then  from  B  lymphocytes 
into  immunoglobulin  synthesizing  plasma  cells. 

The  earliest  events  of  maturation  of  stem  cells  into  B  cells  involve 
rearrangements  of  the  genes  coding  for  the  appropriate  light  and  heavy 
immunoglobulin  chains.   These  events  have  been  examined  for  human  cells. 
Human  light  chain  genes  exist  as  discontinuous  gene  segments  of  V  (variable), 
J  (joining),  and  C  (constant)  regions  in  the  germline  state.   During  maturation 
of  stem  cells  into  B  cells  a  rearrangement  occurs  in  the  expressed  gene 
bringing  a  single  V  region  in  continuity  with  a  specific  J  region.  i   p  labeled 
clones  of  human  kappa  (C  )  and  lambda  (C)  constant  region  genes  were  used 
as  probes  to  study  gene  rearrangements.   It  was  shown  that  human  B-cells 
rearrange  their  expressed  allele  and  may  retain,  rearrange,  or  delete  the 
nonexpressed  allele.   Unexpectedly,  C  was  deleted  in  expressing  B-cells. 

Over  the  past  year  a  series  of  additional  approaches  have  been  developed 
to  assess  in  vitro  immunoglobulin  production  including  techniques  that 
permit  quantitation  of  immunoglobulin  secreting  cells  and  the  quantitation 
of  antibody  producing  cells  following  polyclonal  activation. 

Recently  it  was  shown  that  peripheral  mononuclear  cells  cultured  in 
vitro  with  influenza  virus  but  without  a  polyclonal  activator  of  B  cells 
such  as  PWM  will  produce  anti-influenza  virus  antibody.   This  represents 
an  antigen-specific  immune  response.   Cells  infected  with  infectious  allantoic 
fluid  containing  A/Hong  Kong  X  31  influenza  virus  made  antibody  directed 
against  A/HK  and  those  infected  with  B/HK  made  antibody  to  B/HK  with  little 
cross-reactive  antibody  produced.   The  magnitude  of  this  response  was  comparable 
to  the  anti-influenza  response  seen  with  PWM-driven  cultures.   The  secretion 
of  anti-virus  antibody  into  culture  supernatants  was  dependent  on  de  novo 
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protein  biosynthesis  since  antibody  production  was  abrogated  by  the  protein 
synthesis  inhibitor  cyclohexamide.   Anti-virus  antibody  production  was 
shown  to  be  both  antigen  dependent  and  virus  specific  at  the  induction 
phase.   Thus  virus-specific  humoral  antibody  responses  by  human  peripheral 
blood  mononuclear  cells  in  vitro  can  be  measured  by  these  techniques. 
The  potential  of  assessing  both  specific  T-cell  and  B-cell  responses  by 
human  peripheral  blood  cells  in  vitro  should  provide  an  effective  means 
to  further  dissect  defects  in  immunologic  responses  in  patients  with  immuno- 
deficiency diseases  and  cancer. 

The  Epstein-Barr  virus  has  proved  to  be  a  useful  _in  vitro  probe  for 
the  study  of  the  development  of  immune  competence  in  human  cells.   The 
human  newborn  has  been  repeatedly  demonstrated  to  have  deficient  immune 
responses.   The  responses  of  human  cord  lymphocytes  in  vitro  to  stimulation 
with  the  polyclonal  mitogens,  pokeweed  mitogen  and  with  Epstein-Barr  virus 
was  studied.   Cord  blood  lymphocytes  produced  no  immunoglobulin  in  response 
to  pokeweed  mitogen,  in  marked  contrast  to  the  effects  of  this  mitogen 
on  adult  peripheral  blood  cells.   However,  cord  blood  lymphocytes  were 
capable  of  producing  immunoglobulin  when  stimulated  with  Epstein-Barr  virus. 
Co-culture  experiments  with  mixes  of  cord  blood  and  adult  lymphocytes  also 
failed  to  respond  to  pokeweed  mitogen  demonstrating  that  the  cord  blood 
cells  have  a  suppressor  T  cell  population  which  prevents  the  differentiation 
of  B  cells.   This  suppressor  T  cell  present  in  cord  blood  is  unlike  that 
seen  in  patients  with  agammaglobulinemia  or  infectious  cell  activation. 
This  apparent  paradox  in  the  capacity  of  the  suppressor  cell  to  inhibit 
thymic  dependent  responses  while  having  no  suppressor  activity  on  thymic 
independent  B  cell  activation  was  resolved  by  the  demonstration  that  double 
mitogen  experiments,  that  is,  culture  stimulated  with  both  pokeweed  mitogen 
and  Epstein-Barr  virus,  also  had  deficient  B  cell  responses  due  to  suppression. 
Thus,  cord  blood  contains  a  population  of  T  cells  that  are  activated  to 
become  suppressor  cells  in  the  presence  of  pokeweed  mitogen,  a  cell  population 
quite  different  from  that  found  in  adult  blood.   Another  unique  feature 
of  cord  blood  lymphocytes  was  the  restriction  in  their  capacity  to  produce 
immunoglobulin  of  all  classes.   When  cord  blood  cells  were  stimulated  with 
Epstein-Barr  virus  or  when  cord  blood  B  cells  were  stimulated  with  pokeweed 
mitogen  in  the  presence  of  adult  T  cell  helper  cells  only  IgM  was  produced 
in  culture.   This  defect  in  the  production  of  other  classes  of  immunoglobulin 
was  shown  to  reside  in  the  B  cells  of  the  neonate  since  newborn  T  cells 
could  provide  help  for  IgG,  IgA  and  IgM  when  mixed  with  adult  B  lymphocytes. 
Thus  the  human  newborn  differs  from  the  adult  in  at  least  two  major  aspects 
of  its  immunocompetent  cells.   First,  the  B  lymphocytes  from  the  human 
newborn  are  restricted  in  their  capacity  to  produce  immunoglobulin  of  more 
than  one  isotype.   Second,  the  human  newborn  possesses  a  population  of 
suppressor  T  cells  which  are  readily  activated  by  the  T  cell  dependent 
polyclonal  activator   pokeweed  mitogen. 

In  the  studies  of  the  suppressor  T  cells  present  in  certain  patients  with 
hypogammaglobulinemia,  it  has  been  observed  that  these  suppressor  cells 
are  sensitive  to  both  irradiation  and  to  hydrocortisone. 
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Other  steroid  hormones  such  as  diethylstilbestrol  and  testosterone 
did  not  induce  the  activation  of  B  cells  in  culture.   Aldosterone,  stimulated 
B  cells  to  produce  immunoglobulin  only  when  used  at  very  high  concentrations 
in  vitro.   To  determine  whether  those  hormones  which  bind  to  the  steroid 
receptor  of  cells  were  capable  of  this  stimulatory  activity  for  B  cell 
differentiation,  two  stereoisomeric  forms  of  hydrocortisone  were  studied. 
11-g-cortisol   is   an  active  glucocorticoid  which  binds  to  the  glucocor- 
ticoid receptor.   Its  stereoisomer  H-ct^-cortisol  does  not  bind  to  the  glucocor- 
ticoid receptor  and  does  not  have  glucocorticoid  activity  in  vivo.   The 
11-6-eortisol  produceda marked  activation  of  B  lymphocytes  to  produce  immunog- 
lobulin in  vitro  while  the lto-cortisol  was  totally  inactive  in  such  cultures. 
Thus  steroid  hormones  with  the  capacity  to  bind  cellular  glucocorticoid 
receptors  appear  to  be  able  to  activate  B  lymphocytes  to  produce  immunoglob- 
ulin.  In  order  to  determine  the  cellular  basis  for  such  stimulation,  peri- 
pheral blood  lymphocyte  populations  were  separated  into  T  cells,  B  cells 
and  monocytes.   The  glucocorticoids  were  found  to  be  unable  to  stimulate 
immunoglobulin  production  by  purified  B  lymphocytes  alone.   Both  monocytes 
and  T  lymphocytes  were  required  in  the  cultures  for  glucocorticoids  to 
have  their  stimulatory  activity  on  B  lymphocytes.   These  results  provide 
a  unique  model  for  the  study  of  cellular  interaction  required  for  glucocorti- 
coid hormone  effect  and  have  provided  us  with  yet  another  tool  for  the 
study  of  B  cell  differentiation  in  human  disease. 

A  second  area  of  interest  has  been  in  helper  T  cell  activity  in  animal 
models  and  in  patients  with  disorders  of  immunity.   In  clinical  studies 
deficiency  of  helper  T  cells  was  observed  in  patients  with  severe  combined 
immunodeficiency  disease  with  B  cells  and  a  patient  with  common  variable 
hypogammaglobulinemia  and  in  some  patients  with  ataxia  telangiectasia. 
An  extreme  defect  in  helper  T  cells  was  shown  to  be  the  cause  of  the  hypogam- 
maglobulinemia in  the  form  of  severe  combined  immunodeficiency  characterized 
by  an  absence  of  circulating  T  cells  but  normal  numbers  of  B  cells.   The 
B  cells  of  these  patients  could  not  synthesize  immunoglobulin  molecules 
when  cultures  with  pokeweed  mitogen  in  vitro  but  synthesized  immunoglobulin 
normally  when  normal  T  cells  were  added  to  the  culture  system.   The  primary 
defect  in  such  patients  might  be  a  defect  of  T  stem  cells  or  to  a  failure 
of  thymus  function  leading  to  a  failure  in  the  maturation  of  such  stem 
cells  into  functional  T  cells. 

The  immediate  reverse  plaque  assay  technique  to  define  immunoglobulin 
secreting  cells  that  are  circulating  in  vivo  was  applied  to  the  study  of 
24  patients  with  systemic  lupus  erythematosus.   In  this  series  cells  secreting 
IgG  and  IgA  were  found  to  be  remarkably  increased  in  frequency  in  the  blood. 
Patients  with  the  most  active  disease  had  up  to  100  fold  increase  in  blood 
cells  secreting  IgG,  while  treated  patients  with  inactive  disease  had  normal 
numbers  of  IgG  secreting  cells  in  their  blood.   An  extensive  evaluation 
of  this  group  of  patients  was  carried  out,  and  the  degree  of  correlation 
between  disease  activity  and  the  various  laboratory  parameters  was  determined. 
The  extent  of  disease  activity  in  these  patients  correlated  with  such  tests 
as  erythrocyte  sedimentation  rate,  serum  immunoglobulin  concentrations, 
C3  complement  levels,  and  very  highly  with  the  quantity  of  anti-DNA  antibody 
in  the  serum  of  these  patients.   However,  of  all  the  tests  performed,  disease 
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activity  correlated  most  significantly  with  the  number  of  IgG  secreting 
cells  in  the  peripheral  blood.   These  observations  have  proved  to  be  very 
useful  in  providing  a  reliable  objective  test  for  following  a  patient's 
response  to  therapy  and  studies  are  now  underway  to  further  define  the 
nature  of  the  immunoregulatory  mechanisms  which  are  defective   in  this 
group  of  patients. 

The  lung  is  a  major  site  of  pathology  in  patients  with  immunodeficiency 
diseases,  autoimmunity  and  a  variety  of  other  disorders.   To  determine 
whether  in  man,immunoglobulin  producing  cells  are  a  normal  constituent  of 
the  lungs,  the  cells  contained  in  pulmonary  lavage  fluids  obtained  by  fiber- 
optic bronchoscopy  were  evaluated  with  the  reverse  hemolytic  plaque  assay. 
In  bronchopulmonary  lavage  fluids  from  normal  subjects,  significant  numbers 
of  cells  secreting  IgA  and  IgG  were  found  to  be  present.   IgM  and  IgE  secre- 
ting cells  were  also  present  in  very  low  numbers  in  normal  lung  lavage 
fluids.   During  the  past  year,  these  studies  were  extended  to  patients 
with  a  variety  of  interstitial  lung  diseases,  particularly  sarcoidosis 
and  idiopathic  pulmonary  fibrosis  (IPF).   In  these  disorders  a  profound 
alteration  from  the  normal  pattern  of  pulmonary  immunoglobulin  secreting 
cells  were  found.   In  active  sarcoidosis  and  in  patients  with  idiopathic 
pulmonary  fibrosis,  IgG  secreting  cells  were  increased  up  to  10,000  fold 
over  that  observed  in  normal  lung  lavage  fluids.   During  remission  of  these 
diseases  the  number  of  IgG  secreting  cells  fell  into  the  normal  range. 

Cytoxic  killer  cells  have  been  implicated  in  a  number  of  systems  of 
host  defense  including  the  destruction  of  malignant  cells.   The  studies 
of  the  types  of  cells  involved,  the  surface  characteristics,  cytotoxic 
repertoire,  and  the  mechanism  of  action  of  these  various  cytotoxic  killer 
cells  and  their  contribution  to  host  defense  were  continued.   Model  systems 
have  been  developed  for  the  study  of  killer  T  cells,  cytotoxic  K  lymphocytes 
and  cytotoxic  monocytes  in  a  series  of  distinct  cytotoxic  processes.   These 
have  included  antibody  dependent  cellular  cytotoxicity,  mitogen  induced 
cellular  cytotoxicity,  natural  killer  and  monocyte  dependent  cytotoxicity 
and  cytotoxicity  directed  against  autologous  cells  modified  by  chemicals 
or  viruses. 

Over  the  past  year  special  emphasis  has  been  placed  on  studies  of 
a  form  of  cell-mediated  cytotoxicity  mediated  by  thymus-derived  cells  (T- 
lymphocytes)  possessing  target  cell  antigen  specific  receptors  which  are 
not  conventional  immunoglobulin  molecules.   Such  cytotoxic  T-cells  are 
non-detectable  in  non-immunized  individuals.   Human  cytotoxic  T-lymphocytes 
(CTL)  with  receptor  specificities  for  cell  surface  transplantation  antigens 
present  on  the  cells  of  unrelated  individuals  may  be  generated  during  seven 
days  of  in  vitro  mixed  leukocyte  culture  in  which  responder  leukocytes 
are  immunized  by  co-culture  with  the  leukocytes  of  a  non-related  individual 
whose  proliferative  capacity  has  been  inhibited  by  irradiation.   In  such 
cultures,  responder  CTL  precursors  proliferate  and  mature  into  cytotoxic 
effectors.   Since  these  immune  cytotoxic  cells  are  specific  for  antigens 
which  differ  among  individuals  of  the  same   species  (alloantigens)  these 
effectors  are  termed  alloimmune  CTL.   Immune  CTL  may  also  be  produced  with 
receptor  specificities  for  chemical  or  viral  antigens.   Recent  studies 
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have  demonstrated  that  individuals  immunized  either  in  vitro  or  in  vivo 
with  chemical  haptens  or  viral  antigens  produce  CTL  which  will  lyse  homologous 
antigen  bearing  autologous  (self)  target  cells,  but  will  lyse  antigen  bearing 
targets  from  other  individuals  only  when  the  target  cell  and  the  immune 
CTL  share  genetically  determined  histocompatibility  antigens.   The  relevant 
histocompatibility  antigens  which  must  be  shared  between  targets  and  CTL 
and  those  encoded  by  a  genetic  locus  termed  the  major  histocompatibility 
complex  (MHC)  which  in  humans  codes  for  the  HLA  A,  B  and  C  antigens.   These 
cytotoxic  T-cells  with  receptor  specificities   for  foreign  antigens  plus 
autologous  MHC  determined  cell  surface  antigens  are  termed  self  MHC  restricted 
CTL.   These  self  MHC  restricted  CTL  are  thought  to  play  a  major  pathologic 
role  in  vivo  in  the  recovery  from  virus  infections,  immunologic  surveillance 
against  neoplasia  and  deleterious  autoimmune  phenomena  under  certain  condi- 
tions.  In  humans,  CTL  with  receptor  specificities  for  chemical  haptens 
and  autologous  MHC  antigens  have  been  produced  in  vitro  by  seven  days  of 
primary  immunization  of  responder  leukocytes  with  haptenated  autologous 
leukocytes  followed  by  five  additional  days  of  secondary  in  vitro  stimulation 
with  fresh  autologous  hapten  modified  cells.   Human  CTL  with  specificities 
for  viral  antigens  and  self  MHC  antigens  have  also  been  produced  _in  vitro 
by  culturing  responder  leukocytes  with  influenza  A/Hong  Kong  X  31  virus 
infected  autologous  leukocytes  for  seven  days. 

Several  studies  demonstrated  that  in  certain  common  variable  immunodefi- 
ciency disease  patients  lacking  humoral  immune   responsiveness  to  viruses, 
CTL  effector  responses  may  be  retained  and  contribute  to  host  responsiveness. 
The  inability  to  generate  CTL  in  some  CVH  patients  and  the  majority  of 
ataxia-telangiectasia  and  Wiskott-Aldrich  syndrome  patients  may  contribute 
to  the  increased  incidence  of  infections  and  neoplasia  observed  in  association 
with  these  diseases. 

Another  major  area  of  investigation  utilizes  a  model  of  in  vitro  sponta- 
neous monocyte  mediated  cytotoxicity  which  was  developed  and  characterized 
using  human  mononuclear  cells.   These  cytotoxic  monocytes  are  under  the 
control  of  potent  suppressor  lymphocytes.   In  addition,  several  agents 
including  pokeweed  mitogen  activate  lymphocyte  mediated  suppression  of 
monocyte  mediated  cytotoxicity.   Cis  platinum,  L-phenylallanine  mustard, 
and  adriamycin  were  shown  to  be  profound  activators  of  in  vitro  spontaneous 
monocyte  mediated  killing.   Furthermore,  the  in  vitro  X^Tr radiation  markedly 
enhanced  spontaneous  monocyte  mediated  killing.   Three  important  aspects 
of  this  work  have  emerged.   Monocyte  activation  occurs  at  very  low  doses 
of  both  irradiation  and  chemotherapeutic  agents  -  well  within  the  range 
of  what  might  be  expected  to  be  delivered  therapeutically  in  vivo  to  tumor 
tissue.   These  agents  activate  monocytes  through  different  mechanisms. 
For  example,  X-irradiation  inactivates  suppressor  lymphocytes  while  cis- 
platinum  directly  activates  monocyte  function.   These  in  vitro  assays  have 
recently  been  applied  to  patients  receiving  chemotherapy  for  a  variety 
of  solid  tumors.   Not  only  is  spontaneous  monocyte  mediated  killing  suppressed 
in  patients  with  malignancy,  but  also  monocyte  killing  function  is  restored 
during  chemotherapy  and  this  response  may  correlate  with  clinical  response. 
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Primary  biliary  cirrhosis  is  a  progressive  disease  of  the  liver  charac- 
terized by  intrahepatic  cholestasis,  bile  duct  proliferation,  and  periductal 
lymphocyte  infiltration.   In  previous  studies  it  was  shown  that  primary 
biliary  cirrhosis  patients  almost  universally  have  a  defect  in  the  ability 
to  manifest  T  cell-mediated  suppression  of  polyclonal  immunoglobulin  synthesis 
which  normally  occurs  in  cultures  containing  a  high  T  cell  to  B  cell  ratio. 
Interestingly,  this  suppressor  cell  defect  was  manifest  only  in  cultures 
comprised  of  mixtures  of  syngeneic  (autologous)  T  and  B  cells  and  was  not 
present  in  cultures  of  allogeneic  cells.   This  suggested  that  suppressor 
cells  generated  as  a  result  of  autologous  interactions  were  deficient, 
whereas  those  resulting  from  allogeneic  interactions  were  intact.   To  explore 
this  question  the  autologous  mixed  lymphocyte  reaction  was  studied  in  patients 
with  primary  biliary  cirrhosis.   Mixtures  of  T  and  B  cells  were  cultured 
both  in  syngeneic  and  allogeneic  combinations  and  measured  subsequent  thymidine 
incorporation  in  proliferating  responder  T  cells.   T  cells  from  patients 
with  primary  biliary  cirrhosis  have  a  5  to  10  fold  decrease  in  the  ability 
to  mount  an  allogeneic  MLR. 

A  reduced  autologous  MLR  has  been  found  in  other  autoimmune  diseases 
such  as  systemic  lupus  erythematosus.   The  discovery  that  primary  biliary 
cirrhosis  is  also  characterized  by  this  defect  suggests  that  this  abnormality 
may  play  an  important  role  in  the  production  of  autoimmunity.   In  the  case 
of  primary  biliary  cirrhosis  this  idea  is  strengthened  by  the  observation 
mentioned  above,  that  the  suppressor  T  cell  defect  is  seen  in  autologous 
but  not  in  allogeneic  interactions. 

Gluten  sensitive  enteropathy  is  a  disease  of  the  gastrointestinal 
tract  associated  with  malabsorption,  villous  flattening,  lymphocyte  infiltra- 
tion of  the  lamina  propria  and  an  increased  incidence  of  neoplasia.   It 
is  due  to  the  toxic  effect  of  wheat  proteins  (gliadin)  on  the  gastrointestinal 
mucosa.   Gluten  sensitive  enteropathy  is  associated  with  a  series  of  HLA 
antigens  commonly  found  in  a  variety  of  autoimmune  disease.   For  this  reason 
as  well  as  a  variety  of  others  it  is  possible  that  gluten  sensitive  entero- 
pathy is  due  to  disordered  immune  response  to  gliadin  protein.   To  substan- 
tiate this  possibility  a  method  was  developed  of  stimulating  cells  of  patients 
with  gluten  sensitive  enteropathy  in  vitro  with  purified  gliadin  protein 
fractions.   In  this  method  the  cells  of  patients  are  placed  into  culture 
with  gliadin  protein  and  at  the  end  of  7  to  14  days  the  supernatants  are 
examined  with  a  solid  phase  assay  for  antigliadin  antibodies  which  utilizes 
radiolabeled  anti-immunoglobulins .   With  this  technique  the  activity  of 
regulatory  T  cells  specific  for  a  given  antigen  can  be  determined. 

Studies  of  normal  factors  regulating  porphyrin  biosynthesis  and  the 
disorders  of  biosynthetic  pathway  in  patients  with  acute  intermittant  por- 
phyria and  in  animals  with  tumors  were  continued.   The  compound  4,  6-dioxo- 
phetonoic  acid  (succinylacetone) ,  an  inhibitor  of  5 -aminolevulinic  acid 
dehydrase,  has  been  studied  further  for  its  effects  in  heme  biosynthesis 
and  as  an  inhibitor  of  tumor  cell  growth  in  vitro  and  in  vivo.   By  means 
of  sodium  borohydride  reduction  of  the  enzyme  substrate  complex  in  the  pre- 
sence and  absence  of  succinylacetone,  it  has  been  shown  that  the  inhibitor 
reacts  with  the  enzyme  at  the  site  where  one  of  the  two  molecules  of  sub- 
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strate  forms  a  Schiff  base  with  the  enzyme.   The  enzyme  has  been  partially 
purified  from  rat  liver  and  shown  to  have  a  MW  of  about  240,000.   The  kine- 
tics of  the  reaction  between  enzyme  and  inhibitor  have  been  studied  in 
both  crude  and  purified  preparations.   It  has  been  shown  that  with  this 
irreversible  inhibitor  which  reacts  at  the  catalytic  site,  it  is  possible 
to  "titrate"  the  number  of  active  sites  per  gram  of  liver  and  also  to  calcu- 
late the  turnover  number  of  the  enzyme  from  the  measured  values  of  active 
site  concentration  and  V  max.   By  use  of  the  inhibitor,  therefore,  these 
parameters  can  be  determined  in  homogenates,  without  the  requirement  for 
use  of  the  pure  enzyme. 

The  compound  produces  a  great  increase  in  the  urinary  excretion  of 
S- aminolevulinic  acid  when  administered  to  rats.   Since  inhibition  of  -§- 
aminolevulinic  acid  dehydrase  and  increased  urinary  excretion  of  S-amino- 
levelinic  acid  are  the  major  chemical  abnormalities  produced  by  lead,  suc- 
cinylacetone  provides  a  means  of  studying  how  much  of  the  pathophysiology 
of  lead  intoxication  results  from  its  effects  on  ^-aminolevulinic  acid 
dehydrase. 

Succinylacetone,  when  administered  by  intraperitoneal  osmotic  minipump 
for  7  days,  caused  a  pronounced  prolongation  of  the  survival  time  of  rats 
bearing  the  ascites  form  of  the  Walker  256  tumor.   "Cure  rates"  ranged 
from  15-30%.   Combination  of  a  compound  (allylisopropylacetamide)  known 
to  augment  heme  turnover,  with  succinylacetone,  prolonged  survival  somewhat 
more  that  succinylacetone  alone  and  increased  the  "cure  rate"  to  36%. 
The  antitumor  effect  of  succinylacetone  alone,  or  in  combination  with  allyi- 
sopropylacetamide ,  was  inferior  to  that  of  cyclophosphamide. 

The  Laboratory  of  Pathology  is  responsible  for  the  diagnostic  services 
in  Pathological  Anatomy  for  the  Clinical  Center  of  the  NIH  and  has  research 
programs  in  various  areas  of  experimental  pathology- 

The  Surgical  Pathology  and  Postmortem  Section  was  responsible  for 
the  surgical  pathology  and  autopsy  diagnostic  services.   171  autopsies, 
6,593  surgical  specimens  and  biopsies  were  accessioned  in  the  past  year. 
These  specimens  involved  the  preparation  of  65,566  slides,  including  42,791 
H&E  stained  sections,  7,045  special  stains  and  590  frozen  sections. 

The  Cytopathology  Section  provided  diagnostic  services  in  cytology 
(both  exfoliative  and  fine  needle  aspiration)  and  medical  genetics.   The 
chromosomal  analysis  included  conventional  and  special  banding  techniques 
for  the  examination  of  individual  chromosome  pairs.   During  the  year,  approx- 
imately 4,000  cytology  specimens  were  accessioned.   These  represent  over 
8,000  smears  examined  and  reported.   A  little  less  than  1/4  were  cervical 
and  vaginal  specimens;  3/4  were  other  types  of  specimens  including  ascitic, 
pleural,  gastric,  spinal  fluids,  bronchial  specimens,  sputum  and  fine  needle 
aspirations . 

The  Hematopathology  Section  conducted  major  programs  in  diagnostic 
and  experimental  studies  of  neoplastic  and  non-neoplastic  lesions  of  the 
lymphoreticular  and  hematopoietic  systems.   In  addition,  they  are  responsible 
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for  the  diagnostic  reports  and  staging  conferences  on  cases  of  malignant 
lymphoma  admitted  to  various  clinical  services  in  the  Clinical  Center. 
Fresh  biopsy  specimens  were  used  for  special  immunologic,  histochemical , 
immunohistochemical ,  cytochemical,  and  ultrastructural  studies.   Included 
were  studies  on  the  features  of  non-Hodgkin' s  lymphomas  of  all  subtypes, 
acute  lymphoblastic  leukemia,  and  non-neoplastic  lymphoproliferative  disorders, 
The  developments  in  the  diagnosis  and  classification  of  the  malignant  lympho- 
mas have  been  particularly  dynamic  during  the  past  several  years  because 
of  rapidly  increasing  knowledge  about  the  functional  characteristics  of 
the  normal  and  neoplastic  cells  of  the  lymphoreticular  and  hematopoietic 
systems . 

Studies  on  the  fate  of  monomeric  IgE  on  rat  basophil  leukemia  cells 
indicated  IgE  was  slowly  shed  but  never  internalized  when  crosslinked  (by 
dimethyl  suberimidate  in  this  case).   This  phenomenon  is  independent  of 
histamine  release,  since  dimerized  IgE  is  internalized  as  well  as  larger 
oligomers  yet  fails  to  elicit  exocytosis  of  histamine  granules.   The  ultimate 
fate  of  these  receptor-IgE  complexes  is  under  active  investigation.   Prelim- 
inary data  indicate  a  novel  mechanism  for  disposition,  quite  unlike  the 
lysosomal  destruction  or  receptor  reshuttling  recently  reported  in  other 
related  systems  such  as  the  insulin  receptor,  LDL  receptor,  or  asialoglyco- 
protein  receptor.   This  complex  also  appears  to  differ  in  its  disposition 
from  the  IgG-Fc  receptor  complex.   The  studies  have  shown  independent  binding 
of  immunoglobulin  and  disposition  of  imraunoglobulin-receptor  complexes 
by  these  cells;  IgG-Fc   complexes  appear  to  be  routed  to  the  phagosome- 
lysosome  compartment,  while  IgE-Fc   complexes  are  not. 

Work  on  human  tumor  tissue  and  human  tumor  cells  in  vitro  continued. 
Significant  progress  in  the  detection  and  qualitative  analysis  of  the  matrix 
proteins  fibronectin  and  collagen  has  been  made.   Ewing's  sarcoma,  for 
example,  appears  to  synthesize  no  fibronectin,  as  expected,  but  does  synthe- 
size a  unique  array  of  collagen  types  not  detected  in  any  other  tumor  studied 
or  reported.   In  contrast,  a  human  fibrosarcoma  which  has  been  cloned  synthe- 
sizes fibronectin   only  in  some  clones;  all  clones  and  the  uncloned  tumor 
produce  almost  exclusively  type  III  collagen. 

Work  in  the  Comparative  Oncology  Section  progressed  along  several  routes: 
Fibertumorigenesis  in  Osborne-Mendel  rats,  using  intrapleural  implantation 
of  fibers  with  variable  dimensional,  chemical,  and  physical  properties 
as  the  the  test  system  was  studied  by  Dr.  Stanton  until  his  death  this 
year.    Frequency  of  neoplastic  development  (chiefly  fibrous  mesotheliomas) 
is  the  endpoint  from  which  relative  tumorigenicity  is  calculated.   Some 
70  samples  of  fibrous  materials  have  been  tested,  the  data  have  been  statist- 
ically analyzed,  and  a  manuscript  is  nearing  completion.   The  findings 
confirm  Dr.  Stanton's  earlier  postulate,  that  tumorigenicity  correlates 
closely  with  fiber  dimensional  and  physical  properties,  but  not  with  chemical 
composition.   Durability  and  a  size  of  <  0.25  ym  diameter  x>8  urn  length 
were  found  optimal  for  greatest  tumorigenicity.   Fibers  of  various  composi- 
tion (asbestos  from  many  geographic  sources,  fibrous  glass,  and  vegetable 
fibers)  were  non-tumorigenic  if  diameters  were < 0.01  um  or > 3.0  ym. 


A  study  of  naturally-occurring  tumors  in  aging  Osborne-Mendel  rats 
continued.   These  animals,  numbering  about  4000,  represent  the  controls 
from  the  fiber-tumorigenesis  experiments.   It  was  planned  to  assemble  these 
data  to  provide  background  information  for  researchers  using  0-M  rats. 
A  variety  of  pulmonary  tumors,  osteogenic  sarcomas,  mammary  tumors,  and 
lipo-reticular  sarcoma  of  the  kidney  have  been  found. 

Dr.  Dawe  has  continued  investigation  of  neoplastic  transformation  by 
polyoma  virus,  with  emphasis  on  the  influence  of  microenvironmental  factors 
on  the  properties  of  the  tumors  that  result.   Several  years  ago  he  developed 
a  procedure  for  transforming  isolated  mouse  rudimentary  salivary  gland 
epithelium  with  polyoma  virus  in  a  culture  system.   Tumors  derived  from 
these  transformed  cultures  showed  multi-directional  dif ferentiative  charac- 
teristics, were  highly  invasive,  and  sometimes  metastasized  widely.   This 
suggested  that  when  primitive  salivary  epithelium  was  transformed  prior 
to  differentiation,  it  retained  the  ability  to  differentiate  in  different 
directions  even  though  it  had  become  neoplastic.   It  was  thought  that  it 
might  be  possible  to  direct  this  dif ferentiative  potential  by  applying 
microenvironmental  factors  known  to  induce  or  support  specific  types  of 
differentiation.   An  experiment  was  performed  in  which  several  types  of 
mesenchyme  were  respectively  combined  with  the  transformed  culture  cells 
(TMI. )  and  then  transplanted  subcutaneous ly  into  newborn  mice.   Types  of 
mesenchyme  used  were  dermis,  tooth  germ  mesenchyme,  salivary  mesenchyme, 
and  mammary  mesenchyme.   It  was  thought  that  perhaps  each  type  of  mesenchyme 
might  direct  the  TMI,  tumor  cells  to  form  tumors  characteristic  of  the 
organs  from  which  the  mesenchyme  was  derived.   This  did  not  prove  to  be 
the  case. 

In  a  collaborative  project  with  Dr.  Mark  Israel,  attempts  have  been 
made  to  transform  mouse  salivary  epithelium  in  vitro  by  transfection  with 
complete  and  incomplete  polyoma  DNA.   Total  genome  with  plasmid  attached, 
total  genome  without  plasmid,  1/2  of  the  early-transcribed  DNA,  and  2  strains 
of  complete  infectious  polyoma  virus  have  been  used.   Infectious  whole 
virus  transformed  as  expected  from  previous  experience  in  a  similar  experi- 
mental system,  but  1/2  early  genome  yielded  no  transformed  foci.   In  one 
culture  transfected  with  whole  genome  without  plasmid,  epithelial  transforma- 
tion has  been  seen. 

Dr.  Suzanne  Fisher  has  made  significant  progress  in  isozyme  analysis 
of  polyoma  tumors.   Using  starch  gel  electrophoresis  to  identify  the  isozymes 
in  over  30  enzyme  systems,  she  has  found  that  isozyme  patterns  of  polyoma- 
transformed  cells  are  altered  from  those  of  the  normal  tissues  from  which 
the  tumors  are  derived.   For  mouse  polyoma  tumors  induced  in  vivo,  each 
organ-specific  tumor  shows  an  isozyme  profile  or  "signature   that  is  constant 
and  specific  for  organ  of  origin,  with  the  exception  of  salivary  gland 
and  mammary  glands,  which  have  identical  profiles.   This  exception  is  inter- 
esting since  the  isozyme  patterns  of  normal  salivary  and  mammary  glands 
differ  for  a  number  of  enzymes.   Yet  the  isozyme  patterns  for  these  enzymes 
are  the  same  in  polyoma  tumors  of  these  organs.   Placental  alkaline  phospha- 
tase isozyme  was  found  in  tumors  of  salivary  gland,  mammary  gland,  kidney, 
and  dental  epithelium,  but  not  in  tumors  of  the  thymus,  hair  follicle, 
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or  subcutaneous  connective  tissue.   Placental  AP  was  found  in  only  2  of 
14  tumors  derived  from  salivary  gland  cells  transformed  in  vitro.   Isozyme 
profiles  for  salivary  cells  transformed  in  vitro  were  more  variable  than 
those  for  salivary  tumors  induced  in  vivo. 

Dr.  Dawe's  study  on  the  nature  of  "X  cells"  in  tumefactions  of  the 
pseudo-branchs  in  Pacific  cod  is  being  continued.   There  is  now  an  abundance 
of  data  including  ultrastruc tural ,  cytochemical ,  biochemical,  and  biological 
to  show  that  X  cells  are  parasitic  cells  rather  than  neoplastic  cells. 
The  flow  fluorometric  data  showing  the  DNA  content  of  X  cells  to  be  only 
about  30%  that  of  the  host  fish  cells  have  been  perhaps  most  convincing 
of  all.   Isozyme  analyses  show  the  presence  of  several  isozymes  not  existent 
in  the  host  species.   Rabbits  are  currently  being  immunized  with  X  cells. 
When  adequate  antibody  titers  are  obtained,  peroxidase-antiperoxidase  reac- 
tions will  be  done  on  tissue  sections  of  pseudobranch  lesions  to  determine 
whether  there  is  any  cross  reaction  between  X  cell  antigens  and  host  cell 
antigens.   PAP  reactions  will  also  be  done  on  papillomas  of  f lounder, gobies , 
and  other  fishes  with  X  cell  lesions,  in  an  effort  to  see  if  X  cells  in 
various  species  and  tissues  have  a  common  antigen(s). 

Viral  Oncology  and  Molecular  Pathology  Section  studies  involve  animal 
viruses  (including  human  viruses)  and  the  mechanisms  by  which  they  interact 
with  cells  susceptible  for  a  lytic  infection  or  for  malignant  tranformation. 

Studies  were  continued  on  the  biologic  and  virologic  characterization 
of  breast  and  prostate  cancer  cells.   Examining  the  expression  of  type 
B  and  type  C  retroviruses  in  mouse  mammary  tumor  cells,  it  was  shown  that 
in  late  passage  culture,  type  B  virus  production  is  shut  down  although 
the  synthesis  of  type  B  viral  RNA  and  structural  proteins  continues.   The 
tumor  promoter  TPA,  stimulated  the  production  of  MMTV  (type  B)  virus  in 
early  passage  and  that  interferon  inhibited  virus  production  without  affec- 
ting viral  RNA  synthesis. 

A  study  on  the  human  and  bovine  papillomaviruses  was  initiated.   The 
papillomaviruses  are  widespread  in  nature,  very  host  specific,  and  associated 
with  a  variety  of  pathologic  lesions.   To  date  there  have  been  seven  distinct 
human  papillomaviruses  and  four  bovine  papillomaviruses.   Each  of  the  human 
viruses  is  associated  with  a  distinct  pathologic  entity.   Since  none  of 
the  known  papillomaviruses  has  ever  been  successfully  propagated  in  tissue 
cultures,  studies  on  the  molecular  biology  of  this  group  of  viruses  are 
limited  and  there  is  little  known  concerning  the  nature  of  the  virus-host 
cell  interaction.   The  entire  genomes  of  HPV-la,  HPV-lb,  HPV-2 ,  and  HPV- 
4  was   cloned  independently  in  E.  coli  K12  using  the  bacterial  plasmid 
pBR322 .   Physical  maps  of  the  genomes  was  constructed  and  conserved  sequences 
in  the  genome  were  mapped.   To  date  no  biologic  activity  has  been  shown 
for  these  cloned  DNAs  either  in  tissue  culture  or  injected  into  hamsters. 

Major  research  efforts  in  the  Quantitative  Cytology  Section  have  been 
directed  toward  study  of  the  role  of  close  range  interactions  between  hemato- 
poietic stem  cells  and  marrow  stromal  cells  in  the  environmental  support 
and  control  of  hematopoiesis .   These  studies  are  based  upon  a  culture  tech- 


LII 


nique  described  by  Dexter  and  his  colleagues,  demonstrating  that  monolayers 
of  marrow  derived  adherent  cells  (MDAC)  have  the  capacity  to  support  the 
proliferation  of  hematopoietic  stem  cells  for  prolonged  periods  _in  vitro. 
This  culture  technique  has  been  reproduced  using  both  murine  and  human 
explants  and  the  results  of  long  term  marrow  culture  experiments  confirm 
the  original  observations.   Characterization  of  MDAC,  which  appear  to  be 
the  cellular  mediators  of  the  hematopoietic  support  function,  indicate 
that  these  populations  consist  mainly  of  fibroblasts,  synthesizing  collagen 
types  I  and  III  in  vitro.   The  factors  controlling  collagen  synthesis  by 
MDAC  are  currently  under  investigation. 

In  vitro  experiments  have  been  designed  with  the  objective  of  assessing 
the  extent  to  which  this  system  is  dependent  upon  direct  interaction  between 
hematopoietic  cells  and  MDAC  as  opposed  to  an  indirect  or  "feeder''  effect. 
Preliminary  results  suggest  that  direct  cell  to  cell  contact  is  essential 
for  long  term  stem  cell  maintenance.   Studies  have  also  been  undertaken 
to  identify  possible  precursors  of  MDAC  within  the  marrow.   Immunohisto- 
chemical  staining  of  frozen  sections  of  rat  bone  marrow  (fluorescence) 
and  paraffin  sections  of  human  bone  marrow  (PAP)  have  indicated  the  presence 
of  collagen-producing  cells.   Their  anatomical  distribution  appears  to 
parallel  the  known  distribution  of  the  "reticulum  cells"',  which  are  considered 
to  be  the  major  connective  tissue  elements  of  the  marrow  and  are  thought 
by  some  to  be  fibroblastic. 

Pathological  Technology  Section  provided  histological  services  and 
staining  procedures.   More  than  28,000  pieces  of  animal  tissue  were  processed, 
more  than  36,000  H  &  E  slides  were  cut  and  stained,  over  7,000  special 
stained  slides  were  prepared.   There  was  a  total  of  128  NCI  investigators 
using  the  services  of  the  section.   In  addition,  a  number  of  specimens 
was  submitted  for  embedding  and  sectioning  for  electron  microscopy.   The 
section  also  prepares  study  sets  for  the  NCI  Tumor  Registry  which  are  used 
by  scientists  all  over  the  world. 

The  Image  Processing  Unit  experienced  a  transition  to  where  the  major 
effort  in  the  unit  is  devot3d  to  analysis  of  biological  material  rather 
than  algorithm  and/or  hardware  development.   A  method  for  analysis  of  2 
dimensional  gels  was  developed.   It  is  based  on  the  existing  image  analysis 
programs  developed  as  a  set  of  general  routines  for  microscopic  image  analysis 
on  the  Real  Time  Picture  Processor  (RTPP) .   Analysis  of  sets  of  2D  gels 
is  really  a  problem  in  demonstrating  correspondences  among  sets  of  spots 
each  of  which  belongs  to  another  gel.   Since  the  spots  can  vary  moderately 
in  absolute  position  and  in  optical  density,  but  can  be  expected   to  maintain 
a  constant  context,  the  problem  of  establishing  correspondences  is  non- 
trivial  and  really  is  a  case  of  a  fundamental  problem  in  image  processing. 
The  solution  of  this  problem  while  not  generalized  has  progressed  to  the 
point  where  they  are  used  for  such  varied  problems  as  familial  protein 
patterns  in  an  extended  Alzheimer  disease  affected  family,  a  study  of  the 
enzyme  patterns  in  Lesch-Nyhan  Syndrome,  genetic  variants  of  E.  coli  and 
the  demonstration  of  specific  protein  differences,  effect  of  PHA  stimulation 
on  human  lymphocytes,  and  the  effect  of  cell  lysate  protein  patterns  following 
phagocytosis  of  durable  fibers,  i.e.,  asbestos  and  its  substitutes. 
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In  the  studies  of  nucleic  acid  structure,  the  secondary  structure 
mapping  system  has  been  improved  to  handle  general  tree  structures  in  the 
molecules.   An  outgrowth  of  this  has  been  the  development  of  a  new  metric 
for  measuring  complex  molecules.   The  "level  map"  as  it  is  called  allows 
one  to  express  the  branching  structure  of  a  molecule  as  well  as  the  size 
and  position  information  concerning  various  component  features.   Supporting 
this  and  other  algorithms,  are  fundamental  procedures  developed  to  aid 
in  noise  removal  so  that  clearer,  more  accurate  molecular  images  are  available 
in  digitized  form  for  analysis. 

In  addition,  work  has  expanded  in  the  direction  relating  the  biochemistry 
to  the  morphology  of  the  secondary  structure  observed  in  electron  micrographs. 
Employing  the  newly  augmented  computational  facility  (System-20)  attempts 
were  made  to  predict  what  are  thermodynamically  "best"  structures  of  a 
given  molecule,  knowing  its  base  sequence.   Given  this  and  the  energies 
involved  in  Watson-Crick  base  pairing,  loops,  hairpins  and  bulges  it  becomes 
possible  to  predict  the  most  energetically  stable  structure( s) .   The  predicted 
structure  should  be  related  to  what  is  visible  in  the  electron  microscope. 
This  effectively  is  a  demonstration  of  the  morphologic  consequences  of 
biochemical  structure  at  biologically  a  most  fundamental  level. 

Dr.  Lipkin  has  studied  the  parallelism  between  fiber  induced  cytotoxicity 
in  the  case  of  P388D1  macrophage- like  cells  on  the  one  hand,  and  the  proba- 
bility that  the  fiber  will  induce  a  pleural  sarcoma  in  rats.   As  is  the 
case  with  pleural  sarcoma  induction,  the  fiber-induced  cytotoxicity  seems 
to  be  independent  of  the  chemical  nature  of  the  fiber,  and  correlates  best 
with  the  presence  of  fibers  greater  than  8  microns  in  length  and  with  diame- 
ters in  the  range  0.5-1.0  microns.   The  effect,  does  not  appear  to  involve 
adsorbed  or  adherent  impurities.   The  cytotoxic  effect  not  only  of  varying 
moieties  of  asbestos,  but  also  in  like  fiber-sized  materials  such  as  aluminum 
oxide,  dihydroxy  sodium  aluminum  carbonate,  borosilicate  glass,  potassium 
octatitanate,  etc.,  was  demonstrated  and  shown  that  in  the  cases  of  the 
later  materials,  when  the  fiber  size/shape  fell  outside  the  Stanton  limits, 
the  cytoxicity  was  greatly  reduced  or  totally  absent.   Steps  are  being 
taken  to  refine  the  bioassay  of  fiber  cytoxicity.   The  improvements,  as 
well  as  the  original  method  is  being  evaluated  and  greatly  aided  by  the 
statistical  analyses.   A  solid  bioassay,  capable  of  export  would  allow 
us  to  devote  more  of  our  very  limited  resources  to  the  problem  of  how  the 
cell  "detects"  fiber  size  and  shape,  and  what  the  more  chronic  tissue  culture 
effects  of  durable  fiber  exposure  really  are. 

The  Dermatology  Branch  directed  by  Dr.  S.  Katz  conducts  both  clinical 
and  basic  research  studying  the  etiology,  diagnosis  and  treatment  of  inflam- 
matory and  maligant  diseases  involving  the  skin  and  host's  response  to 
these  diseases.   The  Branch  also  provides  dermatology  consultation  to  all 
other  services  of  the  Clinical  Center  (approximately  1000  patients  are 
seen  in  consultation  each  year). 

Studies  of  a  new  class  of  drugs  (synthetic  retinoids)  in  the  treatment 
of  skin  cancer  and  diseases  of  keratinization  were  continued.   Eighty-one 
patients  with  treatment-resistant  disorders  of  keratinization  were  treated 
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with  oral  13-cis  retinoic  acid.   Excellent  responses  have  been  observed 
in  patients  with  congenital  ichthyosiforra  erythroderma,  lamellar  ichthyosis, 
Darier's  disease,  pityriasis  rubra  pilaris,  and  cystic  acne.   75  patients 
with  various  disorders  were  treated  with  an  oral  synthetic  retinoid  and 
good  or  excellent  responses  were  seen  in  most  patients.   Psoriatic  patients 
in  contrast  do  not  respond  to  the  13-cis  retinoic  acid.   Topical  therapy 
with  retinoid  creams  have  been  ineffective.   Of  the  initial  14  patients 
with  treatment-resistant  cystic  and  conglobate  acne  treated  for  4  months 
with  oral  13-cis  retinoic  acid,  13  patients  experienced  complete  clearing 
of  their  disease;  the  other  had  75%  improvement,  as  determined  by  the  number 
of  acne  nodules  and  cysts  present  before  and  after  therapy.   Prolonged 
remissions,  currently  lasting  an  average  of  34  months  after  discontinuation 
of  therapy,  have  been  studied  in  a  double  blind  fashion  and  we  have  seen 
the  same  dramatic  results  of  therapy. 

UV-radiation  is  believed  to  be  the  major  cause  of  the  most  common 
type  of  human  cancer,  cancer  of  the  skin.   Patients  with  XP  are  particularly 
susceptible  to  the  carcinogenic  action  of  UV-radiation  and  develop  multiple 
malignancies  on  sun-exposed  areas  of  skin.   Normal  human  cells  have  repair 
processes  which  rapidly  and  effectively  repair  DNA  damage,  while  most  XP 
patients  have  a  marked  impairment  in  the  rate  and/or  efficiency  of  such 
repair.   This  process  is  involved  not  only  in  repair  of  UV-induced  DNA 
damage  but  also  in  repair  of  damage  by  certain  chemical  carcinogens.   Under- 
standing the  relationship  between  DNA  repair  deficiency  and  skin  tumor  devel- 
opment in  XP  patients  would,  therefore,  elucidate  the  role  of  DNA  repair 
in  preventing  in  normal  humans  those  cancers  which  may  be  due  to  certain 
chemical  and  physical  carcinogens.   Extension  of  this  work  to  include  study 
of  other  diseases  in  which  DNA  repair  may  be  defective,  especially  those 
associated  with  an  unusually  high  incidence  of  cancer  such  as  ataxia  telangi- 
ectasia will  of  course  further  increase  our  understanding  of  the  relationships 
between  DNA  repair  processes  and  carcinogenesis.   XP  patients'  sun-exposed 
skin  ages  much  more  rapidly  than  normal  humans'  skin.   Some  XP  patients 
develop  neurological  abnormalities  which  are  due  to  the  early  death  of 
neurons.   Studies  of  the  DNA  repair  defects  are  providing  an  understanding 
of  the  relationship  of  DNA  repair  processes  and  these  aging  phenomena  in 
XP .   Lymphocyte  lines  have  been  derived  from  many  patients  with  XP  and 
from  patients  with  other  inherited  DNA  repair  defects.   The  ability  of 
UV-irradiated  lymphoblasts  to  exclude  trypan  blue  provides  a  very  rapid 
aad  sensitive  assay  of  the  biological  effectiveness  of  DNA  repair.   With 
this  assay  it  is  possible  to  characterize  the  DNA  repair  defects  in  several 
diseases.   This  assay  is  used  to  study  the  sensitivity  of  patients'  cells 
not  only  to  UV-irradiation  but  to  the  DNA-damaging  effects  of  gamma  rays. 
With  this  lymphocyte  viability  test  hypersensitivity  to  X-rays  in  the  neuro- 
degenerative disorder  Huntington's  disease  was  detected.   The  hypersensi- 
tivity may  provide  the  basis  for  presymptomatic  and/or  prenatal  diagnosis 
of  this  disorder. 

C-type  retroviruses  have  been  implicated  in  tumors  of  a  wide  variety 
of  species,  including  man.   The  murine  viruses  of  this  group  represent 
the  best  studied  mammalian  retroviruses;  they  therefore  represent  models 
for  the  study  of  retroviral  induced  tumor igenesis.   The  availability  of 
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molecularly  cloned  viral  DNA  has  facilitated  the  detailed  structural  analysis 
of  the  viral  genome  and  its  cellular  integration  sites  by  providing  specific 
genomic  and  sub-genomic  probes  for  studying  the  structural  organization 
of  virally  related  DNA  and  RNA  sequences  in  normal  and  malignant  tissues. 
A  related  problem  which  can  be  addressed  with  these  reagents  is  the  potential 
role  that  recombination  plays  in  tumorigenesis .   In  studies  of  Friend-MuLV, 
a  helper-independent  virus  which  induces  erythroleukemia  in  mice  after 
a  short  latent  period,  the  leukemogenic  region  of  the  virus  has  been  more 
clearly  delineated  genetically.   A  cloned  sub-genomic  viral  fragment  composed 
of  sequences  from  the  31  half  of  the  viral  genome  was  shown  to  contain 
the  leukemogenic  activity  of  Friend-MuLV  by  generation  of  recombinant  between 
non- leukemogenic  amphotropic-MuLV  and  this  viral  fragment.   Structural 
studies  of  endogenous  murine  leukemia  viruses  have  elucidated  several  features 
of  these  viruses.   A  detailed  restriction  endonuclease  map  has  been  developed 
for  molecularly  cloned  infectious  AKR-MuLV  DNA.   Using  the  cloned  DNA  as 
a  source  for  radioactively-labeled  virus-specific  probes,  the  Southern 
blotting  technique  has  been  employed  to  derive  physical  maps  for  a  number 
of  MuLVs.   The  knowledge  of  the  physical  maps  of  the  viral  DNAs  has  been 
used  to  study  the  structure  of  endogenous  viral  DNA  sequences  in  normal 
mouse  cells.   A  400  bp  DNA  segment  from  the  env  region  of  the  cloned  ecotropic 
viral  DNA  has  been  found  which  hybridizes  selectively  with  ecotropic  viruses. 

Papilloma  viruses  are  a  common  cause  of  epidermal  tumors  in  man. 
Some  lesions  induced  by  these  viruses  may  undergo  malignant  conversion. 
Virtually  nothing  is  known  about  the  functional  organization  of  the  genomes 
of  these  viruses  nor  how  lesions  progress  from  a  benign  to  a  malignant 
state.   The  definition  of  a  transforming  region  for  BPV  DNA  represents 
a  first  step  towards  understanding  how  these  tumors  are  formed  and  change. 
An  in  vitro  tumorigenic  transformation  assay  has  been  developed  for  bovine 
papilloma  viruses  (BPV)  types  1  and  2. 

Mammalian  epidermis  is  composed  of  three  cell  types;  the  keratinocyte , 
whose  function  is  in  producing  keratin,  the  melanocyte  which  produces  pigment, 
and  the  Langerhans  cell  (LC)  the  function  of  which  was  unknown.   It  was 
demonstrated  that  human,  guinea  pig,  and  mouse  epidermis  contains  a  small 
(2-6%)  subpopulation  of  LC .   The  cells  have  Fc  and  C3  receptors  and  thereby 
resemble  cells  of  the  histiocyte-monocyte-macrophage  series.   These  cells 
bear  immune  response  gene  associated  (la)  surface  antigens  and  can  stimulate 
a  mixed  leukocyte  reaction  and  can  present  antigen  to  sensitized  T  cells, 
thereby  reinforcing  the  analogy  to  monocytes  and  macrophages.   In  addition, 
these  cells,  as  opposed  to  others  which  are  thought  to  be  immunologically 
relevant,  are  able  to  initiate  an  immune  response  when  haptenated  and  injected 
intraperitoneal ly. 

Several  chemically  and  genetically  distinct  collagens  are  found  in 
mammalian  species.   Types  I  and  III  collagens  are  widely  distributed,  type 
II  collagen  is  found  only  in  cartilagenous  structures,  and  type  IV  is  found 
in  basement  membranes.   Studies,  utilizing  light  and  ultrastructural  immuno- 
cytochemical  techniques  have  demonstrated  that  the  sera  of  patients  with 
relapsing  polychondritis,  a  disease  characterized  by  widespread  destruction 
of  cartilagenous  tissues,  contain  antibodies  with  specificity  for  type 
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II  collagen.   Both  Type  IV  collagen  and  the  non-collagenous  basement  membrane 
glycoprotein  are  localized  exclusively  to  basement  membrane  of  epithelial 
and  endothelial  structures.   They  are  widely  distributed  and  can  be  identified 
in  epithelial  cell  culture. 

Dr.  Levis  has  developed  a  method  for  defining  specificity  and  cross  reactivity 
at  the  T  cell  level.   This  "clonal  priming  reaction"  offers  a  practical, 
ethical,  in  vitro,  quantitative  approach  for  systematic  study  of  relationships 
recognized  as  foreign  by  immune  cells.   Concepts  of  tolerance  and  immunohome- 
ostasis  have  been  well  developed;  however,  progress  has  been  hampered  by 
lack  of  an  experimental  approach  to  directly  compare  antigens  at  the  level 
of  cellular  immunity.   With  clonal  priming,  it  may  now  be  possible  to  pinpoint 
agents  implicated  in  a  variety  of  inflammatory  and  neoplastic  diseases 
in  which  cellular  immune  discrimination  plays  a  role 

The  abnormal  proteins  produced  in  malignant  melanoma  are  being  studied: 
these  studies  are  aimed  at  elucidating  the  mechanism  of  formation  of  these 
atypical  proteins,  as  well  as  their  importance  to  the  immunology  of  melanoma 
and  possible  iaaunotherapy  potential. The  raelanosome  in  normal  mouse  tissue 
is  composed  of  multiple  proteins,  many  of  which  are  loosely  bound  and  easily 
extracted.   These  probably  constitute  the  proteins  of  the  limiting  membrane 
of  the  organelle.   Another  protein  is  of  lower  molecular  weight  and  is 
tightly  bound  to  the  granule,  and  probably  constitutes  the  structural, 
fibrillar  protein;  it  appears  to  be  the  protein  which  complexes  with  the 
melanin  polymer.   Melanosomal  proteins  from  melanoma  tissues  vary  in  structure 
from  those  of  normal  tissue.   Several  of  the  proteins  seem  to  be  missing 
completely  from  these  granules,  which  are  also  structurally  distinguishable 
from  normal  granules  by  electron  microscopy.   Perhaps  more  importantly, 
many  of  the  proteins  in  melanoma  melanosomes  are  unique  and  are  not  found 
in  normal  melanin  granules.   This  has  been  found  to  be  the  case  in  human 
melanoma  as  well.   In  the  murine  system,  a  comparison  of  analogous  proteins 
from  normal  and  melanoma  melanin  granules,  resolved  a  slight,  but  significant, 
difference  of  isoelectric  points.   Peptide  mapping  has  revealed  that  amino 
acid  sequences  are  deleted  in  3  or  more  regions  of  the  abnormal  protein. 
Other  proteins  in  these  tissues  seem  to  differ  in  a  similar  manner.   It 
has  been  found  that  tumor  specific  proteins,  similar  to  these  can  be  found 
in  serological  fluids  of  melanoma  patients . 

SEM  reveals  fine  surface  structure  with  unparalleled  three-dimensionality, 
depth  of  field,  and  sampling  capability.   The  influence  of  the  mitotic 
cycle  on  the  surface  morphology  of  cells  in  monolayer  culture  was  studied. 
Since  neoplastic  transformation  generally  accelerates  and  alters  the  cell 
cycle,  any  topographic  comparisons  between  nonneoplastic  and  neoplastic 
cell  populations  must  be  considered  in  the  light  of  cycle-dependent  changes. 
MMC-E  cells  respond  within  seconds  to  the  addition  of  epidermal  growth 
factor  (EGF)  with  the  appearance  of  large  central  ruffles  on  most  cells 
associated  with  endocytosis  and  vacuole  formation.   This  activity  quickly 
subsides  and  the  cells  resume  their  unstimulated  morphology.   The  incidence 
of  microvilli  seems  inversely  related  to  the  incidence  of  ruffles  on  these 
cells.   Long-term  exposure  to  lower  concentrations  of  EGF  results  in  spreading 
of  the  normally  spindle-shaped  cells  that  border  the  MMD-E  colonies,  and 
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removal  of  the  EGF  reverses  this  effect.   A431  cells  respond  differently 
during  short-term  exposure  to  EGF.   These  results  establish  the  relative 
sensitivity,  rapidity  and  extraordinary  specificity  that  may  characterize 
cell  surface  responses  to  the  presence  of  hormones  in  culture. 

The  epidermis  offers  a  unique  opportunity  for  the  study  of  tumors 
not  only  because  of  the  quantitative  importance  of  this  tissue  but  also 
because  of  its  accessibility.   One  of  the  major  problems  in  studying  malig- 
nancies of  the  epidermis  has  been  the  lack  of  suitable  biochemical  markers. 
The  keratin  filaments  are  the  most  prominent  intracellular  components  of 
all  epidermal  cells  and  therefore  a  study  of  their  chemistry,  structure 
and  biosynthesis  in  both  normal  and  abnormal  epidermis  will  be  of  profound 
importance  in  studying  tumors  in  this  tissue.   The  production  of  the  keratin 
subunits  in  a  well  defined  cell  culture  system  will  facilitate  studies 
of  carcinogenesis  in  vitro.   In  addition,  the  finding  of  large  amounts 
of  actin  protein  in  epidermal  tumors,  and  the  development  of  suitable  immuno- 
assay procedure  for  it  is  of  potentially  great  significance.   Normal  mouse 
epidermal  cells  grown  in  monolayer  culture  can  be  made  to  synthesize  the 
normal  complement  of  keratin  polypeptides.   Since  the  keratins  are  the 
principal  synthetic  products  of  the  cells,  a  specific  radioimmune  assay 
has  been  developed  to  follow  the  changes  occurring  in  keratin  synthesis 
during  carcinogenesis.   Marked  alterations  in  the  synthesis  of  the  keratin 
proteins  during  treatment  with  carcinogens  such  as  TPA  and  other  growth 
effectors  such  as  vitamin  A  were  seen. 
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SUMMARY 

Annual  Report  of  the  LABORATORY  OF  BIOCHEMISTRY,  National  Cancer  Institute 
October  1,  1979  through  September  30,  1980 

I.    INTRODUCTION 

The  research  summarized  in  this  report  includes  work  on  a  great  variety 
of  biological  systems.   This  diversity  reflects  the  great  richness  of  oppor- 
tunity provided  by  organisms  from  E.  coli  through  primates  for  investigating 
important  problems  in  biochemistry.   Each  organism  by  its  nature  allows  in- 
vestigation of  different  questions  about  biological  macromolecules,  their 
synthesis,  and  the  regulation  of  their  appearance  and  activity  in  response 
to  internal  and  external  cellular  environments. 

Although  many  different  systems  and  problems  are  described  here,  there 
is  still  a  unity  of  approach  that  serves  to  make  a  coherent  and  highly  inter- 
acting community  of  the  scientists  in  this  Laboratory.   That  unity  stems  from 
the  prompt  and  enthusiastic  manner  in  which  new  ideas  and  new  methods  are 
incorporated  into  the  daily  efforts  in  order  constantly  to  improve  the  pre- 
cision of  the  questions  that  are  asked  and  the  answers  that  are  obtained. 

In  addition  to  the  science,  the  Laboratory  experienced  important  insti- 
tutional changes  during  the  past  year.   Robert  Goldberger,  Chief  of  the 
Laboratory  for  the  past  five  years,  left  to  become  the  Deputy  Director  for 
Science  of  the  NIH.   All  of  us  congratulate  the  NIH  on  his  appointment;  it 
means  that  excellent  science  will  remain  the  first  concern  of  the  leader- 
ship of  the  Institutes.   But  the  good  fortune  of  the  NIH  was  our  great  loss. 
During  the  time  Bob  Goldberger  was  Chief,  our  Laboratory  benefited  enormously 
from  his  support  to  individuals  and  his  wisdom.   We  miss  him.   The  composi- 
tions of  the  staff  described  below  and  the  work  that  is  summarized  are  largely 
the  result  of  his  stewardship. 

During  the  past  year  a  new  Section,  the  Section  on  Macromolecular  Inter- 
actions, was  added  to  the  Laboratory.   Dr.  Claude  Klee,  a  leader  in  research 
on  calmodulin,  a  ubiquitous  and  multifunctional  protein  regulator  of  cellular 
processes  that  are  dependent  on  calcium,  is  the  Chief  of  this  new  Section. 

Also  during  this  past  year  two  outstanding  young  scientists  Dr.  Martin 
Rosenberg  and  Dr.  Bruce  Paterson,  became  permanent  members  of  the  Laboratory. 
Each  of  them  has  added  important  new  programs  to  our  efforts  and  each  has 
proved  a  stimulating  colleague  for  all. 

We  have  had  a  very  lively  schedule  of  data  clubs,  Laboratory  "Show  and 
Tells"  and  seminars  by  visitors  from  within  and  without  the  NIH.. 

Finally,  we  want  to  acknowledge  the  excellent  group  of  Staff  Fellows, 
Visiting  Fellows,  Visiting  Scientists,  Guest  Workers,  Experts  and  Summer 
Students,  who  contribute  good  ideas,  hard  work,  critical  conversations  and 
fellowship  to  our  community. 


II.   BIOCHEMISTRY  OF  GENE  EXPRESSION  SECTION  (Dr.  E.  B.  Thompson,  Chief) 

In  the  interval  since  our  last  report,  the  members  of  this  Section  have 
achieved  several  of  their  goals  and  have  laid  the  groundwork,  for  new  re- 
search.  The  work  centers  around  the  actions  of  steroid  hormones,  especially 
glucocorticoids,  and  utilizes  the  techniques  of  cell  biology  and  biochemistry. 
Scientists  in  the  Section  are  engaged  in  several  productive  collaborations 
with  laboratories  at  NIH  and  elsewhere. 

Study  of  the  effects  of  glucocorticoids  on  CEM  cells  continues.   This 
is  the  first  human  leukemic  cell  system  sensitive  to  lysis  by  glucocorticoids 
which  has  been  studied  in  detail.   This  year,  the  group  showed  that  cell 
clones  selected  for  spontaneous  resistance  to  glucocorticoids  have  a  novel 
receptor  phenotype,  _£_£££.»  consisting  of  receptors  with  normal  steroid  affi- 
nity but  which  are  labile  upon  "activation."   Cells  containing  such  receptors 
neither  lyse  nor  induce  glutamine  synthetase  upon  treatment  with  steroids. 
CEM  cells  have  now  been  grown  in  nude  mice.   A  synthetic  steroid  with  unusual 
structure  was  found  described  in  the  literature;  it  was  shown  to  kill  steroid- 
resistant  CEM  cells  and  is  presently  being  tested  on  CEM  cells  in  the  nude 
mouse  system.   The  group  has  developed  several  steps  for  purification  of  re- 
ceptor and  intends  to  try  to  apply  these  to  CEM  cell  receptors  in  the  hope  of 
obtaining  a  preparation  sufficiently  pure  for  inducing  antisera. 

Prolactin  (Prl)  and  growth  hormone  (GH)  are  induced  by  steroids,  among 
other  things,  in  GH3  (rat  pituitary  adenoma)  cells.   In  fresh  GH3  x  L  (mouse 
fibroblast)  hybrids,  these  peptides  are  not  expressed.   The  group  is  inter- 
ested in  the  mechanism  of  this  phenomenon,  as  in  the  normal  controls  over  the 
Prl  and  GH  genes.   Accordingly,  they  have  used  a  GH  cDNA  to  show  that  both 
mouse  and  rat  GH  genes,  though  unexpressed,  are  present  in  the  hybrids.   They 
are  also  preparing  clones  of  Prl  cDNA  to  use  as  probes.   By  screening  a  rat 
liver  library  in  lambda  phage,  they  found  five  clones  containing  Prl  genomic 
genes.   Together  these  clones  probably  span  the  entire  structural  gene  and 
its  flanking  sequences.   Using  restriction  endonuclease  and  heteroduplex 
mapping,  they  have  shown  that  the  gene  is  split  by  four  intervening  sequences. 
Similarly,  they  have  found  one  GH  genomic  gene  clone  which  may  include  the 
entire  gene.   It  too  has  four  intervening  sequences. 

In  HTC  cells,  they  are  comparing  cells  carrying  expressed  or  unexpressed 
mouse  mammary  tumor  virus  genes.   By  use  of  restriction  endonucleases  which 
are  isochizomers  but  which  differ  in  their  sensitivity  to  base  methylation, 
they  are  testing  the  theory  that  such  methylation  relates  to  non-expression 
of  genes.   They  are  attempting  to  purify  tyrosine  aminotransferase  mRNA  suf- 
ficiently for  cloning.   They  have  just  made  a  library  of  ~  1000  clones  of 
induced  liver  cDNA' s  and  will  screen  it  for  various  induced  products  from 
liver  and  from  HTC  cells. 

They  have  synthesized  and  screened  a  large  number  of  synthetic  steroids, 
designed  as  potential  affinity  labels  for  the  glucocorticoid  receptor.   One 
appears  to  be  a  uniquely  long-acting  (perhaps  irreversible)  antiglucocorti- 
coid  and  therefore  has  potential  value  in  vitro  and  possibly  in  certain  human 


diseases.   They  also  have  made  fluorescent-tagged  steroids.   Next  year,  they 
plan  to  focus  on  these  and  a  few  of  the  more  promising  affinity  ligands  in 
studies  on  receptor  mechanism,  purification,  and  localization. 

This  year  and  last  saw  the  publication  of  several  years'  worth  of  data 
on  steroid  receptors  in  human  breast  cancers. 

The  first  phase  of  work  in  collaboration  with  A.  Kandutsch  has  been  com- 
pleted.  The  properties  of  an  intracellular  protein  which  binds  oxygenated 
sterols  have  been  described.   These  sterols  and  this  protein  may  be  involved 
in  the  regulation  of  cholesterol  metabolism.   Certain  oxysterols  inhibit  the 
growth  of  CEM  cells,  and  these  cells  contain  the  protein.   They  intend  to 
search  for  oxysterol-resistant  CEM  cells. 

III.   BIOSYNTHESIS  SECTION  (Dr.  E.  L.  Kuff,  Chief) 

The  Section  has  three  independent  research  groups. 

A.   (Dr.  Beverly  Peterkofsky  and  coworkers).   This  group  is  concentrat- 
ing its  efforts  on  the  regulation  of  collagen  synthesis  in  normal  and  trans- 
formed cells.   Dr.  Peterkofsky  and  her  associates  have  begun  to  study  the 
regulation  of  collagen  metabolism  by  ascorbic  acid  in  the  guinea  pig,  an 
effect  which  is  still  poorly  understood  despite  many  years  of  investigation. 
Collagen  synthesis  was  measured  in  calvaria  bones  removed  from  normal  and 
scorbutic  animals  at  intervals  up  to  4  weeks  after  ascorbic  acid  deprivation. 
By  3  weeks,  ascorbate  levels  had  dropped  to  a  minimum  and  the  relative  rate 
of  collagen  synthesis  had  also  decreased.   At  this  time,  proline  hydroxy la- 
tion  was  about  half  the  level  found  in  tissue  from  animals  saturated  with 
ascorbate.   When  scorbutic  bone  was  incubated  in  the  presence  of  ascorbate, 
hydroxy lation  returned  promptly  to  normal,  but  the  relative  rate  of  collagen 
synthesis  remained  low.   These  results  suggest  that  reduction  in  proline 
hydroxylation  was  associated  with  additional  effects  on  collagen  biosynthesis 
in  the  scorbutic  situation.   In  the  course  of  this  work,  a  rapid  new  double- 
isotope  method  was  developed  to  measure  simultaneously  the  rates  of  both  pro- 
line hydroxylation  and  collagen  biosynthesis. 

Studies  were  also  carried  out  on  a  chemical  transformant  of  BALB  3T3 
cells  and  the  data  showed  that  the  collagen  phenotype  had  been  altered  almost 
completely.   Little  or  no  type  I  collagen  was  produced  by  the  transformant 
although  this  was  the  major  type  in  the  parent  cell  line.   The  collagen  of 
the  transformant  was  type  IV,  a  component  normally  found  in  basement  membrane, 
and  type  V,  also  a  non-structural  collagen  type.   This  study  complements  Dr. 
Peterkof sky's  previous  results  showing  alteration  of  collagen  phenotype  in 
BALB  3T3  cells  transformed  by  murine  sarcoma  virus. 

B.   (Dr.  Samuel  Wilson  and  coworkers).   This  group  studies  DNA  synthesis 
in  mammalian  cells.   Dr.  Wilson's  group  has  examined  the  mechanism  of  DNA 
synthesis  by  highly  purified  mouse  a  polymerase  using  a  simplified  reaction 
system  of  poly(dT)  as  template,  oligo(rA)  as  primer  and  Mg-dATP  as  substrate. 
Overall,  poly(dT)  synthesis  in  this  system  was  strictly  processive.   The  kine- 
tics of  both  the  initiation  phase  and  the  overall  reaction  were  studied:  the 
data  were  consistent  with  a  rapid  equilibrium-random  Bi  Uni  Uni  Bi  ping  pong 


mechanism.   Various  inhibitors,  including  spermine,  were  found  to  dissociate 
the  template-primer  after  formation  of  just  one  new  phosphodiester  bond. 
This  reaction,  termed  "abortive  initiation",  provides  a  means  to  examine  the 
mechanism  of  initiation  of  cc-polymerase  without  complication  from  the  elonga- 
tion phase. 

DNA-binding  properties  of  the  mouse  helix-destabilizing  protein  1  (HD 
protein-1)  were  also  studied.   The  interaction  was  quantitated  both  by  sed- 
imentation boundary  analysis  and  by  a  technique  based  on  the  observation  that 
DNA  binding  protects  the  HD  protein-1  against  trypsin  attack.   In  the  latter 
case,  poly(dT)  gave  as  much  protection  as  single-stranded  calf  thymus  DNA,  so 
that  the  binding  of  dT-oligomers  of  known  chain  length  could  be  evaluated. 
Both  approaches  indicated  a  K  of  4-5  x  10  M~  ,  a  binding  site  about  7  dNMP 
long,  and  no  protein:protein  cooperativity.  This  is  the  first  extensively 
studied  single  strand  binding  protein  that  does  not  bind  cooperatively;  its 
mechanism  of  action  is  therefore  of  interest.   Several  discrete  peptides  de- 
rived from  HD  protein-1  by  controlled  tryptic  digestion  were  found  to  contain 
the  same  C-terminal  amino  acid  sequence  as  the  parent  protein  but  to  have 
lost  the  N-terminal  region.  These  peptides  bound  to  single  strand  DNA  with 
the  same  affinity  as  HD  protein-1  itself,  indicating  that  the  N-terminal  of 
the  native  molecule  is  not  required. 

C.   (Dr.  Edward  Kuff  and  colleagues).   This  group  is  interested  in  virus- 
host  genetic  relationships.   They  have  continued  a  structural  analysis  of 
integrated  intracisternal  A-particle  genes.   Multiple  individual  genes,  in 
the  form  of  X   phage  recombinants,  have  been  isolated  from  a  mouse  gene  li- 
brary and  characterized  by  restriction  endonuclease  analysis  and  electron 
microscopy.   The  genes  compose  an  extensive  family  of  homologous  but  noniden- 
tical  units  dispersed  throughout  the  mouse  genome.   The  basic  homology  region 
revealed  by  heteroduplex  analysis  is  7.3  kb  in  size.   Individual  genes  differ 
in  occurrence  and  position  of  certain  restriction  sites,  but  no  major  inter- 
nal regions  of  non-horaology  have  been  encountered.   The  genes  contain  related 
sequences  at  their  3'  and  5'  ends  (terminal  repeats).   One  gene  containing  a 
1.6  kb  deletion  has  been  isolated.   In  R-loop  experiments,  the  entire  35S 
genomic  RNA  (7.0  kb  exclusive  of  poly  (rA)  tail)  is  accommodated  within  the 
A-particle  gene.   No  intervening  sequences  are  seen. 

Complex  restriction  patterns  are  seen  when  digests  of  whole  mouse  DNA  are 
hybridized  with  A-particle  probes.   These  patterns  reflect  the  contribution  of 
variant  sub-families  of  A-particle  genes.  Identical  restriction  patterns  were 
seen  with  DNA  from  15  inbred  and  feral  strains  of  Mus  musculus  and  7  different 
tissues  from  a  single  inbred  strain  (BALB/c).   Thus,  the  relative  proportions 
of  A-particle  gene  variants  are  highly  conserved  in  this  species. 

A-particles  from  Mus  musculus  were  previously  shown  to  share  partial 
sequence  homology  with  an  extracellular  virus  (M432)  isolated  from  Mus  cerv- 
icolor.   M432  has  now  been  cloned  in  X  phage  by  Dr.  R.  Callahan,  NCI,  and 
the  region  of  homology  between  it  and  the  cloned  A-particle  genes  has  been 
studied.   Both  restriction-hybridization  and  heteroduplex  analyses  show  a 
continuous  4  kb  stretch  of  homology  beginning  near  the  presumptive  C-terminal 
end  of  the  gag  protein  region  and  spanning  the  entire  central  gene  regions 
which  may  code  for  the  viral  polymerases. 


IV.   CELLULAR  REGULATION  SECTION  (Dr.  Robert  Goldberger,  Chief;  Kathleen 
Mullinix,  Deputy  Chief) 

The  work  of  the  Section  is  carried  out  by  several  independent  groups. 

A.  (Francine  Eden  and  coworkers).   Dr.  Francine  Eden  and  her  colleagues 
have  continued  their  analysis  of  repeated  sequences  in  the  chicken  genome. 
Analysis  of  cloned  chicken  DNA  containing  repetitive  sequences  has  shown  that 
discrete,  repetitive  sequences  are  found  in  clusters  in  the  chicken  genome. 
Within  a  single  cluster,  there  can  be  several  different  repeated  sequences, 
and  among  different  clusters  the  same  repetitive  sequences  are  found,  but  the 
individual  discrete  sequences  occur  in  different  positions  relative  to  each 
other.   This  finding  is  of  great  interest  in  the  study  of  sequence  organiza- 
tion of  DNA.   In  a  variety  of  organisms  repetitive  DNA  usually  occurs  as 
tandem  repeats  of  a  single  sequence  or  as  discrete  repeated  sequences  inter- 
spersed among  unique  sequences  throughout  the  genome.   Although  some  of  the 
repeated  sequences  in  chicken  DNA  do  occur  in  an  interspersed  pattern,  a 
substantial  portion  of  the  chicken  repetitive  DNA  exists  in  the  clustered 
arrangement  described  above.   Only  in  repeated  sequences  of  Drosophila  have 
clustered  arrangements  of  repeats  been  reported  heretofore. 

Dr.  Eden  and  co-workers  have  also  been  studying  DNA  methylation  in 
chicken  repetitive  DNA.   By  subjecting  cloned  repetitive  DNA  to  digestion 
by  the  endonucleases  Mspl  or  Hpa  II,  methylation  of  cytosine  residues  in 
Hpa  II  recognition  sites  can  be  measured.   It  was  found  that  clustered 
repeated  DNA  is  extensively  methylated.   The  relationship  between  methyla- 
tion and  position  of  a  repeated  sequence  in  an  individual  cluster  is  being 
investigated  further. 

B.  (Roger  Deeley  and  colleagues).   Dr.  Deeley  and  his  colleagues  have 
analyzed  cloned  chicken  genes  for  albumin,  vitellogenin  and  apo  very  low 
density  lipoprotein  (VLDL)  II.   They  identified  and  analyzed  recombinant 
phage  lambda  molecules  containing  either  the  albumin  gene  or  a  portion  of 
the  vitellogenin  DNA.   The  albumin  gene  was  localized  by  hybridization  of 
recombinant  phage  lambda  DNA  to  purified  32p_].abe:Le(i  albumin  mRNA.   Two 
overlapping  clones  were  identified,  each  containing  the  DNA  that  codes  for 
both  the  5'  and  3'  ends  of  the  albumin  mRNA.   Two  recombinant  phage  lambda 
molecules  containing  nonoverlapping  portions  of  the  vitellogenin  gene  were 
identified.   Each  clone  contains  approximately  13-14  kb  of  chicken  DNA  and 
neither  clone  contains  that  portion  of  the  DNA  that  encodes  the  5'  end  of  the 
mRNA.   These  recombinant  phage  containing  the  vitellogenin  gene  can  now  be 
used  to  screen  the  library  again  in  an  attempt  to  find  the  missing  portions 
of  the  gene. 

Three  recombinant  phage  lambda  clones  were  identified  that  contained 
either  all  or  portions  of  the  estrogen-inducible  gene  for  a  component  of  hen 
very  low  density  lipoprotein  (VLDL).   Upon  administration  of  estrogen  to 
roosters,  transcription  of  VLDL  is  induced  to  an  even  greater  extent  than 
is  transcription  of  the  vitellogenin  gene  and  thus  it  is  an  ideal  object  for 
study  of  regulation  of  gene  expression  by  estrogen.   One  of  the  cloned  phages 
contains  DNA  encoding  the  5'  end  of  the  apo  VLDL  II  gene  and  thus  will  serve 
as  a  template  for  transcription  studies  (see  below). 


C.   (Kathleen  Mullinix  and  coworkers).   Dr.  Mullinix  and  her  co-workers 
have  been  studying  iri  vitro  transcription.   They  have  shown  that  chromatin 
isolated  by  gentle  procedures  from  nuclei  of  livers  from  normal  and  estrogen- 
treated  roosters  is  capable  of  transcription  of  the  vitellogenin  and  albumin 
genes  _in  vitro.   The  transcription  closely  mirrors  that  of  these  genes  in 
vivo.   This  transcription  occurs  by  the  endogenous,  chroraatin-associated  RNA 
polymerase  II  and  no  exogenous  RNA  polymerase  is  required.   These  studies 
have  been  extended  in  order  to  try  to  influence  the  transcriptional  patterns 
in  vitro,  thus  revealing  some  of  the  components  necessary  for  specific  tran- 
scription.  Exposure  of  chromatin  to  0.35  M  KC1  results  in  a  diminution  of 
transcription  of  the  vitellogenin  and  albumin  genes  relative  to  total  tran- 
scription.  Exposure  of  chromatin  to  concentrations  of  KC1  up  to  1.2  M  results 
in  the  removal  of  a  substantial  portion  of  chromatin-associated  proteins  with- 
out removal  of  RNA  polymerase.   Present  studies  are  directed  toward  attempts 
to  effect  specific  transcription  in  chromatin  of  the  apo  VLDL  II  described 
above. 

This  group  has  also  studied  _in  vitro  transcription  of  SV40  DNA.   The  in 
vitro  transcription  of  the  genes  of  simian  virus  40  (SV40)  is  ideal  for  the 
study  of  components  required  for  specific  transcription.   In  contrast  to  the 
avian  genes  described  above,  the  sequence  of  SV40  DNA  and  the  approximate 
locations  of  initiation  of  transcription  are  known.   Using  crude  RNA  poly- 
merase II  preparations  isolated  from  BSC-1  monkey  kidney  cells,  transcrip- 
tion of  SV40  nucleoprotein  complexes  isolated  by  gentle  procedures  from  SV40 
virions  and  of  SV40  DNA  restriction  fragments  have  been  studied.   Under 
optimum  conditions  over  85%  of  the  transcription  of  SV40  nucleoprotein  com- 
plexes by  crude  nuclear  lysates  is  specific  for  the  coding  strand  of  both 
the  early  and  late  regions,  as  measured  by  hybridization  of  transcripts  to 
separated  strands  of  "early"  and  "late"  SV40  fragments  on  Southern  blots 
and  by  liquid  hybridization  of  transcripts.   Further  studies  are  aimed  at 
identification  of  specific  initiation  sites  in  the  nucleoprotein  complexes. 
Transcription  of  SV40  restriction  fragments  that  include  the  origin  of  DNA 
replication  and  the  sites  for  initiation  of  late  transcription  produced 
transcripts  that  initiated  at  the  known  _in  vivo  start  sites.   The  specific 
transcription  of  such  fragments  is  superimposed  on  a  substantial  background 
of  non-specific,  end-to-end  transcription  of  the  template  fragment.   Current 
efforts  are  directed  toward  fractionation  of  the  RNA  polymerase  preparation 
to  identify  components  involved  in  correct  promoter  recognition. 

V.    DEVELOPMENTAL  BIOCHEMISTRY  SECTION  (Dr.  I.  B.  Dawid,  Chief) 

This  section  is  composed  of  two  independent  groups. 

A.   (Igor  Dawid  and  coworkers).   The  group  headed  by  Igor  Dawid  has 
worked  on  gene  structure  and  expression  in  Drosophila  melanogaster  and  gene 
regulation  during  development  of  Xenopus  laevis.   In  collaboration  with  Mary 
Collins  and  Barry  Kiefer  of  Wesleyan  University,  they  are  studying  the  struc- 
ture and  transcription  of  the  ribosomal  RNA  genes  in  D.  melanogaster.   Earlier 
studies  show  that  rRNA  genes  interrupted  by  type  1  insertions  are  not  effec- 
tively transcribed  in  wild  type  _D.  melanogaster.   They  have  now  tested  whether 
such  genes  may  be  transcribed  more  effectively  in  bobbed  mutants  which  have 
deletions  of  a  substantial  fraction  of  their  rRNA  genes.   They  found  that 


bobbed  flies  still  do  not  use  their  interrupted  rRNA  genes  to  produce  rRNA 
in  spite  of  the  pressure  exerted  by  the  lack  of  sufficient  numbers  of  unin- 
terrupted rRNA  genes.   The  primary  sequence  has  been  determined  around  the 
region  of  initiation  of  transcription  in  several  interrupted  and  uninterrupted 
rRNA  genes.   Six  out  of  eight  genes  (three  each  interrupted  and  uninterrupted) 
have  the  same  sequence  in  this  region,  while  one  interrupted  and  one  uninter- 
rupted gene  were  found  that  carry  a  single  base  change.   Thus,  sequences  in 
the  initiation  region  do  not  correlate  with  the  presence  or  absence  of  an 
insertion.   Ribosomal  RNA  genes  in  D_.  melanogaster  carry  one  of  two  types  of 
insertions  which  are  not  homologous.   Earlier  work  had  characterized  primarily 
the  more  abundant  type  1  insertions.   Several  cloned  examples  of  genes  inter- 
rupted by  type  2  insertions  were  studied  and  found  to  occur  in  at  least  three 
size  classes.   Genes  interrupted  by  type  2  insertions  are  not  effectively 
transcribed  into  rRNA. 

In  collaboration  with  Marlene  Lauth  and  Peter  Wellauer,  Swiss  Institute 
for  Cancer  Research,  Lausanne,  and  Mary  Lou  Pardue,  MIT,  the  genome  organiza- 
tion of  D.  melanogaster  has  been  studied.   In  _D.  melanogaster  a  group  of 
sequences  that  are  homologous  to  the  type  1  ribosomal  insertion  occur  at  the 
chromocenter.   Several  DNA  fragments  containing  insertion-like  sequences  have 
been  isolated  and  their  structure  was  analyzed.   The  insertion-like  sequences 
are  interspersed  with  other  DNA  named  flanking  sequences.   Insertion-like 
sequences  may  occur  as  single  units  or  in  tandem  arrays;  one  example  of  a 
region  containing  four  elements  of  insertion-like  sequences  has  been  found. 
These  elements  are  homologous  to  but  not  identical  with  the  ribosomal  inser- 
tion itself.   Flanking  sequences  are  middle  repetitive  DNA  and  occur  between 
50  and  200  times  in  the  genome.   Both  tandem  repeats  and  interspersed  repeats 
have  been  found.   Some  flanking  sequences  are  transcribed  into  heterogeneous 
nuclear  RNA  but  no  cytoplasmic  transcripts  have  been  observed.   Among  the 
flanking  sequences  studied  one  is  limited  to  the  chromocenter  whereas  at 
least  three  others  are  present  in  the  chromocenter  and  in  a  number  of  dif- 
ferent locations  on  the  chromosome  arms.   These  chromosomal  locations  are 
different  in  different  strains  of  the  same  species,  suggesting  that  flanking 
sequences  may  be  movable  within  the  genome. 

In  collaboration  with  Gerhard  Ryffel,  Toni  Wyler,  Rolf  Yaggi  and  Rudolf 
Weber  of  the  Department  of  Zoology,  University  of  Berne,  Switzerland,  the 
structure  and  expression  of  the  vitellogenin  genes  in  X_.  laevis  are  being 
studied.   Previous  work  showed  that  vitellogenin  in  X.    laevis  is  encoded  by 
a  small  family  of  genes.   Two  closely  related  members  of  this  family,  the  Al 
and  A2  vitellogenin  genes,  have  been  isolated  from  a  library  of  X.  DNA  in 
the  lambda  vector  Charon  4.   The  structural  organization  of  these  two  genes 
has  been  determined  by  R  loop  mapping  and  heteroduplex  analysis  in  the  elec- 
tron microscope.   Both  genes  encode  an  mRNA  sequence  of  about  6300  bases  but 
the  length  of  the  two  genes  differs,  Al  being  about  21  kb  while  A2  is  16  kb. 
This  difference  is  accounted  for  by  introns  of  different  length.   In  both  Al 
and  A2  genes  the  coding  region  is  interrupted  by  33  introns,  but  the  length 
of  these  introns  differs.   Heteroduplex  analysis  has  shown  that  the  coding 
regions  of  the  two  genes  are  interrupted  at  homologous  positions,  but  the 
introns  occupying  analogous  points  in  the  two  genes  differ  in  sequence.   These 
experiments  allow  the  conclusions  that  the  Al  and  A2  genes  have  arisen  from  a 
common  ancestor  gene  that  had  the  same  intron/exon  arrangement  as  the  present 


genes.   Since  the  duplication  the  coding  segments  have  diverged  very  little, 
and  any  divergence  that  occurred  was  mostly  by  point  mutations.   In  contrast, 
the  introns  have  diverged  extensively,  and  deletions,  insertions  and  other 
gross  rearrangements  have  been  a  major  force  in  their  evolution. 

In  studies  directed  toward  an  understanding  of  gene  expression  in  _X. 
laevis,  a  cDNA  library  was  constructed  from  poly(A)  containing  RNA  from  two 
stages  of  development  of  embryos  of  X.    laevis.   A  random  sample  of  860  cloned 
sequences  from  this  library  was  subjected  to  analysis  by  colony  hybridization 
with  RNA  preparations  from  different  stages  of  development  and  different  cell 
fractions.   Over  200  cloned  sequences  responded  positively  to  at  least  one  of 
the  test  RNA  preparations.   The  remaining  colonies  contained  cDNA  sequences 
derived  from  RNA  molecules  that  are  rare  at  all  stages  studied  and  therefore 
fall  below  the  limit  of  sensitivity  of  the  methods  used.   Among  the  200  posi- 
tive clones,  sequences  were  found  that  correspond  to  abundances  from  about 
0.05  to  over  1%  of  the  poly (A)  containing  RNA.   The  developmental  profiles 
and  the  distribution  of  these  RNAs  into  polysomal  or  non-polysomal  fractions 
were  determined.   The  data  show  that  the  number  of  moderately  abundant  RNAs 
increases  during  embryonic  development.   The  information  obtained  on  the 
developmental  behavior  of  a  number  of  sequences  will  form  the  basis  for  more 
detailed  studies  of  gene  expression  during  development. 

The  organization  of  the  mitochondrial  genome  of  X.  laevis  has  been  in- 
vestigated.  Ten  poly(A)  containing  RNAs  have  been  identified  in  X«  laevis 
mitochondria  and  their  coding  regions  on  the  mitochondrial  DNA  have  been 
determined.   Attempts  were  made  to  translate  these  RNAs  in  cell  free  protein 
synthesizing  systems.   These  attempts  did  not  produce  full  length  polypeptide 
products,  possibly  because  of  incompatibility  of  the  mitochondrial  mRNAs  with 
the  tRNA  composition  in  the  test  systems  or  because  of  the  requirement  for  a 
capped  terminus. 

B.   (Bruce  Paterson  and  coworkers).   The  structural  gene  arrangement  and 
transcript  pattern  in  the  major  late  transcription  unit  of  adenovirus  2  have 
been  determined  utilizing  three  complementary  methods  of  analysis.   The  RNA 
transcripts  were  characterized  by  1)  electrophoretic  fractionation  in  agarose 
gels  containing  methyl  mercury  hydroxide  to  estimate  the  sizes  of  the  func- 
tional mRNAs  in  cell-free  translational  systems;  2)  annealing  to  viral  DNA 
fragments  immobilized  on  nitrocellulose  to  define  the  genomic  origin  of  their 
constituent  sequences;  3)  hybrid-arrested  translation  to  locate  the  protein 
coding  sequences  within  the  late  transcriptional  unit.   The  data  obtained 
allowed  the  positioning  of  both  the  coding  and  noncoding  regions  of  all  the 
late  mRNAs  with  respect  to  the  viral  DNA. 

VI.   MACROMOLECULAR  INTERACTIONS  SECTION  (Dr.  C.  B.  Klee ,  Chief) 

Dr.  Klee  and  her  colleagues  have  been  investigating  various  aspects  of 
the  structure  and  function  of  calmodulin.   The  recognition  that  calmodulin  is 
a  ubiquitous  and  multifunctional  regulator  of  Ca^+-dependent  cellular  pro- 
cesses has  led  to  the  concept  that  calmodulin  may  be  a  universal  receptor 
of  the  Ca2+  signal  in  eukaryotic  cells.   More  extensive  studies  of  the  Ca2+- 
binding  properties  of  calmodulin  suggest  that  under  physiological  conditions 
the  protein  binds  Ca2"1"  sequentially  to  its  four  sites  and  exists  in  different 


conformations  depending  upon  the  number  of  Ca2+  bound.   Different  classes  of 
proteins  may  recognize  different  conformers  of  calmodulin.   Thus  calmodulin 
has  the  ability  to  translate  quantitative  differences  in  Ca2+  levels  into 
qualitatively  different  cellular  responses.   Recent  studies  carried  out  in 
collaboration  with  Dr.  Philip  Cohen  have  shown  that,  in  contrast  to  cyclic 
nucleotide  phosphodiesterase  and  myosin  kinase  which  interact  with  calmodulin 
only  in  the  fully  liganded  state  (CaM.Ca^)  and  are  composed  of  a  single 
polypeptide  containing  both  a  catalytic  and  a  regulatory  domain,  phosphorylase 
kinase,  a  multimeric  enzyme,  interacts  with  calmodulin  in  two  ways  only  one 
of  which  requires  Ca2+.   These  two  types  of  interaction  involve  different 
subunits  of  the  enzyme. 

Several  calmodulin-dependent  enzymes  are  also  regulated  by  a  phosphory- 
lation under  the  control  of  the  other  second  messenger,  cAMP.  The  coupling 
mechanism  between  the  two  second  messenger  systems  can  be  at  three  different 
levels:  1)  Phosphorylation  modifies  the  calmodulin  or  Ca2+  dependence  of  the 
target  proteins;  2)  Ca2+  and  calmodulin  regulate  cyclic  nucleotide  levels  by 
their  actions  on  cyclic  nucleotide  metabolizing  enzymes;  3)  A  direct  inter- 
action of  the  two  receptor  proteins  calmodulin  and  protein  kinase  alters  the 
activity  of  the  kinase. 

Regulation  of  the  Ca2+  signal  by  another  cytoplasmic  Ca2+  binding  pro- 
tein, calcineurin,  which  is  specific  to  the  nervous  tissue  is  presently  under 
study.   Calcineurin  is  also  a  calmodulin-bindlng  protein.   Because  of  its  Ca2+ 
and  calmodulin  binding  properties,  calcineurin  can  inhibit  the  normally  stimu- 
lating role  of  the  Ca2+  signal  which  is  mediated  by  calmodulin.   The  presence 
in  the  same  cell  of  two  proteins  that  recognize  the  same  signal  and  have 
opposing  functions  can  allow  a  very  fast  on-off  switch  of  the  Ca2+  signal. 

VII.  NUCLEIC  ACID  ENZYMOLOGY  SECTION  (Dr.  M.  F.  Singer,  Chief) 

The  Section  comprises  three  groups  working  independently  on  different 
projects. 

A.   (Maxine  Singer  and  coworkers).   Simian  virus  40  is  used  as  a  tool 
to  probe  various  aspects  of  DNA  structure  and  metabolism.   More  particularly 
the  group  is  interested  in  mechanisms  which  lead  to  recombination  between 
the  viral  genome  and  that  of  its  permissive  host,  African  green  monkey.   This 
work  has  lead  to  an  increasing  level  of  activity  concerned  with  the  structure 
of  the  monkey  genome  itself,  with  particular  emphasis  on  highly  repeated  DNA 
sequences. 

During  the  past  year,  the  structures  of  a  group  of  newly  and  indepen- 
dently isolated  defective  substituted  variants  of  SV40  were  determined.   These 
variants  were  initially  detected  by  screening  for  variants  containing  monkey 
DNA  sequences  homologous  to  a  monkey  DNA  segment  found  in  a  previously  char- 
acterized variant.   Five  independent  new  isolates  proved  to  be  essentially 
identical  to  the  variant  obtained  previously.   Structural  characterization 
involved  purification  of  variant  DNAs  by  molecular  cloning,  restriction  endo- 
nuclease  analysis,  and  DNA  sequencing.   The  results  suggest  that  SV40  variants 
do  not  arise  totally  at  random  but  rather  that  certain  structures  recur.   The 
close  similarity  between  these  structures  suggests  that  some  mechanism  other 


than  recombination  between  the  monkey  genome  and  the  genome  of  the  infecting 
virus  may  be  involved  in  their  formation.   A  recombinant  "library"  of  monkey 
(C.  aethiops)  DNA  in  bacteriophage  lambda  has  been  constructed  and  screened 
for  those  monkey  DNA  segments  that  occur  in  the  defective  SV40  variants,  as 
well  as  for  sequences  homologous  to  SV40  DNA  itself.   Several  positive  clones 
have  been  isolated  and  are  being  characterized. 

Monomeric  and  dimeric  units  of  the  tandem  repeats  of  the  highly  re- 
iterated DNA  of  the  African  green  monkey  (C.    aethiops)  called  oe-component 
have  been  cloned  in  an  E.  coli  plasmid  system.   The  primary  nucleotide  struc- 
ture of  several  such  units  has  been  determined.   No  two  repeat  units  that 
have  been  sequenced  are  identical  indicating  that  cx-component  is  made  up 
of  a  large  number  of  slightly  different  but  closely  related  sequences.   In 
addition,  the  monkey  DNA  library  in  lambda  bacteriophage  was  screened  for 
segments  containing  a-coraponent.   The  average  size  of  the  insert  in  nine 
randomly  selected  positive  clones  was  17 ,000  base  pairs.   Analysis  of  this 
selected  group  of  recombinant  bacteriophage  by  restriction  endonuclease 
digestion  and  hybridization  revealed  that  no  two  were  alike.   Most  of  the 
cloned  segments  have  stretches  of  non  oe-component  sequence  attached  to  the 
highly  repeated  sequence.   Thus,  "joints"  between  oe-component  and  other 
genomic  segments  are  available  for  cloning  and  analysis. 

B.   (Richard  Kramer  and  coworkers).   Dr.  Richard  Kramer  and  his  col- 
leagues have  used  recombinant  DNA  technology  to  explore  the  organization  and 
expression  of  the  yeast  genome.   The  yeast  Saccharomyces  cerevisiae  was  chosen 
as  a  model  system  for  this  project  because  extensive  genetic  studies  have  been 
carried  out  with  yeast  and  because  yeast  has  a  relatively  small  genome.   While 
yeast  is  a  relatively  simple  eukaryotic  organism,  it  has  many  molecular  bio- 
logical properties  similar  to  those  of  higher  organisms  and  not  found  in  pro- 
karyotes.   Thus,  yeast  provides  a  relatively  simple  system  for  studying  eu- 
karyotic gene  organization  and  expression  at  the  molecular  level. 

Recombinant  DNA  techniques  are  being  used  to  clone  individual  yeast 
genes  or  groups  of  genes.   The  structure  of  these  genes  is  then  determined  by 
restriction  enzyme  mapping,  DNA  sequence  analysis  and  RNA  mapping  using  hybri- 
dization and  electron  microscopy.   Fully  characterized  clones  are  employed  as 
probes  to  study  in  vivo  gene  expression  and  as  templates  for  _in  vitro  experi- 
ments to  reproduce  _in  vivo  results.   Transcription  products  are  analyzed  by 
RNA  sequence  analysis,  gel  electrophoresis,  hybridization  and  RNA  mapping 
techniques. 

In  order  to  examine  individual  yeast  genes,  a  "library"  of  random  frag- 
ments of  yeast  DNA  recombined  into  bacteriophage  X   was  constructed.   This 
library  was  then  screened  with  messenger  RNA  from  yeast  cells  grown  in  media 
with  either  high  or  low  phosphate  concentration.   Several  clones  which  con- 
tain sequences  homologous  only  to  RNA  from  the  phosphate-deprived  yeast  were 
obtained.   These  clones  have  been  identified  as  carrying  genes  for  a  repres- 
sible  acid  phosphatase  found  in  yeast.   The  transcribed  regions  In  each  cloned 
DNA  fragment  have  been  identified  by  hybridization  of  restriction  digests  to 
cDNA  from  low-Pi  RNA  and  by  electron  microscope  R-loop  analysis.   In  addition, 
the  homologous  regions  between  the  genes  have  been  mapped  by  heteroduplex 
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analysis.   Different  yeast  strains  have  been  compared  and  found  to  have  dif- 
ferent numbers  of  the  repressible  acid  phosphatase  genes.   Several  of  these 
different  genes  have  been  cloned  to  examine  their  structure. 

DNA  from  a  region  of  the  yeast  ribosomal  RNA  genes  was  inserted  into  a 
bacterial  plasmid  carrying  the  _E.  coli  galactose  kinase  gene.   Plasmids  con- 
taining yeast  rDNA  which  acts  as  a  promoter  for  E.  coli  RNA  polymerase  were 
obtained.   In  vitro  transcription  of  the  plasmids  revealed  specific 
initiation  sites. 

C.   (Martin  Rosenberg  and  coworkers).   Dr.  Rosenberg  and  his  colleagues 
have  been  investigating  the  role  of  nucleic  acid  structure  in  the  control  of 
transcription  initiation  and  termination  as  well  as  the  translational  expres- 
sion of  various  RNA  transcription  products.   Using  recombinant  DNA  techniques 
they  have  examined  the  relationship  between  regulatory  function  and  DNA  se- 
quence in  a  variety  of  bacterial  and  viral  operon  control  regions.   The  char- 
acterization of  mutants  which  affect  both  transcriptional  and  translational 
expression  in  these  regions  has  afforded  information  on  the  precise  molecular 
events  which  lead  to  control  element  function. 

One  particular  regulatory  element  under  investigation  is  a  promoter  site 
for  RNA  polymerase  which  is  positively  activated  by  a  viral  protein.   Re- 
cently, the  positive  activator  gene  was  cloned  into  a  plasmid  vector  such 
that  the  gene  product  (although  a  lethal  function)  was  overproduced  in  cells 
carrying  the  plasmid.   The  activator  protein  was  purified  from  these  cells 
and  shown  to  work  in  a  reconstituted  in   vitro  transcription  system.   A  variety 
of  studies  are  under  way  designed  to  elucidate  information  about  the  protein 
itself  as  well  as  the  activation  mechanism. 

A  second  project  has  involved  the  utilization  of  defined  bacterial  and 
phage  mRNAs  transcribed  in  vitro  from  a  variety  of  lambdoid  phages,  to  in- 
vestigate the  relationship  between  the  modification  of  the  5'  triphosphate  end 
of  these  transcripts  with  a  7-methyl-guanosine  moiety  (i.e.  "cap"  structure) 
and  the  translational  efficiency  of  these  prokaryotic  mRNAs  in  wheat  germ 
cell-free  extracts.   Our  results  demonstrate  an  almost  absolute  requirement 
for  the  "cap"  structure  to  obtain  efficient  translation  of  the  prokaryotic 
transcripts.   The  prokaryotic  mRNAs  containing  the  "cap"  are,  in  fact,  tran- 
slated as  or  more  efficiently  than  hemoglobin  mRNA  on  a  per  mole  basis.   It 
appears  that  all  the  structural  information  necessary  for  proper  and  efficient 
recognition  and  translation  of  prokaryotic  mRNAs  using  eukaryotic  components 
is  encoded  in  the  prokaryotic  transcript  except  for  the  presence  of  the  5' 
7-methyl-guanosine  modification.   This  implies  strong  evolutionary  constraints 
on  those  RNA  structures  which  are  used  for  ribosome  recognition  and  transla- 
tion initiation,  as  well  as  similar  constraints  on  those  parts  of  the  ribosome 
which  must  interact  with  this  RNA  structure. 

In  addition,  an  RNA-dependent  bacterial  S30  translation  system  has  been 
used  to  examine  the  translational  efficiencies  of  _in  vitro  synthesized  mRNAs. 
Because  the  products  of  both  the  transcription  and  translation  reactions 
can  be  separately  quantitated,  the  amount  of  protein  produced  per  mole  of  a 
specific  mRNA  can  be  determined.   Using  this  method,  the  relative  transla- 
tional efficiencies  of  two  different  mRNA  transcripts  of  the  E.  coli  galactose 
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operon  have  been  compared:  the  CRP-cAMP  dependent  mRNA  (PI),  and  the  CRP-cAMP 
independent  mRNA  (P2).   Our  results  show  that  the  P2  mRNA  translates  epi- 
merase, the  5'  proximal  gene  product  of  the  gal  operon,  four  times  more  effi- 
ciently than  does  the  PI  transcript,  while  the  5'  distal  gene  product,  kinase, 
is  translated  with  equal  efficiency  from  both  mRNAs.   Since  the  P2  transcript 
differs  from  the  PI  transcript  only  by  the  addition  of  5  nucleotides  at  the 
51  terminus  and  these  nucleotides  are  outside  of  the  ribosome  binding  region 
for  epimerase,  the  selective  difference  in  the  translational  efficiency  of 
epimerase  may  be  mediated  by  RNA  conformation.   It  is  known  that  in  cells 
deficient  in  cAMP  the  ratio  of  epimerase  to  kinase  is  about  four  times  higher 
than  in  cells  containing  cAMP  -  a  phenomenon  called  discoordinate  expression. 
Moreover,  cells  deficient  in  cAMP  are  thought  to  produce  only  gal  P2  mRNA, 
whereas  cells  with  cAMP  produce  only  PI  mRNA.   Thus,  discoordinate  expression 
is  explained  by  our  observation  that  the  P2  transcript  produces  four  times 
more  epimerase,  but  a  similar  amount  of  kinase,  as  the  PI  transcript. 

VIII.  PROTEIN  CHEMISTRY  SECTION  (Dr.  E.  A.  Peterson,  Chief) 

This  Section  contains  four  separate  and  independent  research  groups. 

A.   (0.  Wesley  McBride  and  coworkers).   In  previous  work,  Dr.  McBride 
and  his  colleagues  have  shown  that  stable  chromosome-mediated  gene  transfer 
involves  only  fragments  of  the  chromosome  and  that  closely  linked  genes  are 
cotransf erred.  Lack  of  information  concerning  the  size  of  the  transferred 
fragment  and  uncertainty  as  to  whether  multiple  fragments  exist  in  a  recipi- 
ent cell  have  been  impediments  to  the  practical  use  of  this  method  for  re- 
gional gene  mapping,  so  recent  efforts  have  been  largely  concerned  with  these 
questions.   The  size  of  the  transferred  fragment  has  now  been  evaluated  in  a 
group  of  eleven  transf ormants  [mouse  cells  selected  for  the  transfer  of  the 
human  X-chromosome  gene  for  hypoxanthine  phosphoribosyltransf erase  (hprt)] 
using  nucleic  acid  hybridization  techniques.   The  experiments  employed  as 
probes  human  DNA  representing  that  portion  of  the  unique  X-chromosomal  DNA 
that  is  transcribed  as  well  as  unique  DNA  sequences  from  the  entire  human 
X-chromosome.   Among  the  unstable  transf ormants,  two  contained  about  15%  of 
the  human  X-chromosome  (0.8%  of  the  haploid  genome)  and  two  others  contained 
5  to  7%.  About  4-5%  was  detected  in  two  other  transf ormants,  but  only  when  the 
transcribed  human  X-chromosomal  DNA  probe  was  used.   The  donor  X-chromosomal 
DNA  content  of  the  remaining  three  unstable  and  two  stable  transf ormants  was 
below  the  level  of  detection  in  both  studies  (2%). 

When  three  transf ormants  were  subjected  to  back-selection  for  loss  of 
the  hprt  gene,  most  or  all  detectable  human  X-chromosomal  DNA  was  lost  from 
two  of  the  lines,  whereas  about  7  5%  of  the  transferred  DNA  was  retained  in 
the  third,  indicating  the  existence  of  multiple  donor  fragments  in  that  line. 
A  chromosome  fragment  was  detected  cytologically  in  each  of  the  two  trans- 
formants  that  contained  15%  of  the  human  X-chromosomal  DNA,  and  in  no  others. 
This  was  lost  from  only  one  transf orraant  on  back-selection;  the  other  retained 
most  of  the  transferred  DNA  as  well  as  the  cytologically  detected  fragment. 
Glucose-6-phosphate  dehydrogenase,  a  donor  marker  on  the  X-chromosome  that 
was  detected  in  one  transf ormant,  segregated  concordantly  with  the  cytologi- 
cally detected  human  fragment  and  the  human  chromosomal  DNA. 
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In  a  series  of  experiments  employing  donor  DNA  instead  of  chromosomes 
for  the  hprt  gene,  the  cotransfer  of  two  closely  linked  markers,  thymidine 
kinase  and  galactokinase,  was  detected  in  one  transformant  among  about  100 
examined.  When  DNA  isolated  from  this  cell  line  was  used  for  DNA-mediated 
transfer,  these  markers  were  serially  cotransf erred  at  very  high  frequencies 
of  50  to  100%.   Presumably,  the  very  high  frequency  arose  from  either  a  dele- 
tion in  the  donor  chromosome  of  the  first  transfer  or  a  covalent  linkage  of 
DNA  fragments  in  the  first  transformant  after  transfer. 

B.  (Michael  Mage  and  colleagues).   In  his  continuing  development  of 
immunospecific  methods  for  isolating  antigen-reactive  cells  involved  in 
cellular  immune  reactions  to  alloantigens,  Dr.  Mage  and  colleagues  have 
overcome  some  technical  problems.   The  excessively  strong  binding  of  B-type 
lymphocytes  to  surfaces  coated  with  affinity-purified  anti-immunoglobin 
has  been  avoided  by  diluting  the  anti-globulin  with  irrelevant  protein. 

On  the  other  hand,  the  failure  of  a  plate  coated  with  an  affinity-purified 
rat  hybridoma  antibody  specific  for  the  Lyt2  differentiation  antigen  of 
mouse  lymphocytes  to  bind  lyt2  cells  was  corrected  by  increasing  the  number 
of  immobilized  anti-Lyt2  combining  sites.   This  was  accomplished  by  first 
coating  a  plate  with  an  antibody  that  cross  reacts  with  the  rat  antibody  to 
Lyt2  and  then  treating  it  with  the  monoclonal  anti-Lyt2  antibody.   Cells  that 
adhered  to  this  surface  were  shown,  after  their  release,  to  have  retained 
their  ability  to  generate  the  expected  cell-mediated  cytotoxic  response,  an 
ability  not  demonstrated  by  the  nonadherent  Lyt2~  cells. 

Convenient  preparative-scale  nonlytic  separations  of  mouse  T  lymph- 
ocytes into  Lyt2.2+  and  Lyt2.2~  populations  were  achieved  by  incubating  the 
cells  with  monoclonal  mouse  antibody  to  the  Lyt2.2  T  cell  differentiation 
antigen  and  placing  the  treated  cells  in  dishes  that  had  been  precoated  with 
antibody  to  mouse  immunoglobin.   The  graft  versus  host  activity  of  the  sep- 
arated adherent  (Lyt2.2+)  and  nonadherent  (Lyt2.2~)  cells  in  the  Simonsen 
spleen  assay  was  less  than  that  of  unf ractionated  cells,  but  the  activity  of 
the  re-mixed  fractions  was  higher  than  the  sum  of  the  contributions  of  the 
fractions  tested  separately  and  equal  to  that  of  the  unf ractionated  cells. 
These  results  indicate  a  cooperative  interaction  between  those  lymphocyte 
subpopulations. 

C.  (Warren  Evans  and  colleagues).   Studying  the  inflammatory  response 
in  guinea  pigs  as  a  model  for  the  regulation  of  granulocyte  maturation, 

Dr.   Evans  and  his  colleagues  have  shown  previously  that  12-hour  inflammatory 
(S-12)  serum  stimulates  the  synthesis  of  marker  glycoprotein  in  the  secondary 
granules  of  bone  marrow  granulocytes.   A  similar  stimulating  activity  exists 
in  normal  serum  but  in  lesser  amounts,  being  partly  masked  by  an  inhibitor. 
An  inhibitor  has  also  been  found  in  S-12  serum,  supporting  the  concept  that 
an  opposing  set  of  factors  is  involved  and  that  the  balance  of  these  factors 
is  altered  during  the  first  12  hours  of  inflammation.  Attempts  to  isolate 
these  factors  are  under  way. 

The  S-12  serum  also  has  a  pronounced  stimulatory  effect  on  the  mitotic 
activity  of  bone  marrow  granulocyte  precursors  in  vitro,  with  a  time  course 
similar  to  that  observed  for  the  stimulation  of  glycoprotein  synthesis.   This, 
coupled  with  the  finding  that  S-12  serum  produces  an  overall  stimulatory 
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effect  on  secondary  granule  components,  suggests  that  at  least  a  significant 
part  of  the  stimulation  of  glycoprotein  synthesis  is  related  to  the  repli- 
cation of  secondary  granules  in  myelocytes  that  have  been  stimulated  to 
divide  by  the  mitotic  factor. 

The  transplantable  granulocytic  leukemia  in  the  previously  developed 
strain  13  guinea  pigs  is  now  in  its  60th  transplant  generation  with  no  appar- 
ent alterations  in  its  original  biological  properties.  The  cells  have  been 
stored  frozen  for  up  to  six  months  without  loss  of  tumorigenicity.   Immature 
forms  of  leukemic  granulocytes  obtained  as  highly  viable  and  homogenous  popu- 
lation from  the  masses  of  leukemic  nodules  that  develop  in  the  omentum  of 
intraperitoneally  inoculated  guinea  pigs  have  been  found  to  undergo  cellular 
proliferation  and  maturation  for  up  to  48  hours  in  cell  culture  containing 
Eagle's  medium  fortified  with  10%  normal  guinea  pig  serum.   These  cultures 
should  be  useful  in  studies  of  the  effects  of  purified  normal  granulocyte 
regulators  on  cellular  proliferation  and  maturation. 

D.   (E.A.  Peterson  and  colleagues).   Dr.  Peterson  and  his  group  have 
continued  their  development  and  application  of  displacement  chromatography  of 
proteins  using  carboxymethyldextran  (CM-D)  systems.   The  method  (mentioned  in 
last  year's  report)  for  characterizing  CM-D  directly  in  the  effluent  fractions 
has  been  futher  simplified  and  improved  in  precision.   The  actual  amount  of 
CM-D  in  the  test  sample  need  not  be  known  and,  under  the  conditions  employed, 
the  protein  in  the  fraction  does  not  interfere. 

The  problem  of  the  heterogeneity  of  CM-D  preparations  with  respect  to 
affinity  for  an  adsorbent  (largely  caused  by  an  excessive  range  in  the  mole- 
cular weight  of  the  commercially  fractionated  dextran  employed  as  starting 
material)  has  been  overcome  by  the  development  of  a  chromatographic  method 
for  the  preparative-scale  resolution  of  CM-D  preparations  into  fractions 
having  narrow  ranges  of  affinity.  The  special  procedure  employed  avoids  the 
generation  of  an  eluting  peak  of  counter-ion,  so  an  undistorted  displacement 
train  of  CM-D  is  obtained  essentially  free  of  low  molecular  weight  anions. 

The  high-mobility  group  nuclear  proteins,  HMG-1  and  HMG-2,  have  been 
separated  from  the  other  proteins  of  a  0.35M  NaCl  extract  of  calf  thymus 
nuclei  and  from  each  other,  with  excellent  recovery  under  nondenaturing 
conditions  in  a  single  pass  through  a  DEAE-Sephacel  column,  using  two  CM-D 
preparations  as  spacers.  The  CM-D  characterization  assay  mentioned  above 
proved  its  value  in  selecting  the  spacers. 

IX.    OFFICE  OF  THE  CHIEF  (Dr.  M.  F.  Singer,  Chief) 

One  scientist  is  attached  to  the  Office  of  the  Laboratory  Chief.   Dr. 
Cecil  Fox  is  detailed  to  the  Armed  Forces  Institute  of  Pathology  where  he 
works  in  the  laboratory  of  Dr.  Gunther  Bahr. 

Research  conducted  by  Cecil  Fox  is  concerned  with  the  dynamics  of  car- 
cinomatous changes  in  human  cancer.   A  number  of  specific  areas  have  been 
studied.   In  one,  the  mechanics  of  attachment  of  cells  to  surfaces  have  been 
studied  by  use  of  a  new  method  of  quantitative  microscopy.   This  work  is 
connected  to  the  process  of  cell  attachment  in  metastasis  of  cancer  cell 


14 


populations.   In  another  study,  the  potential  of  what  many  consider  to  be 
a  precancerous  lesion,  condylomata  accuminata  of  the  uterine  cervix,  was 
followed  biologically  for  three  years  in  a  patient  population  and  the  cyto- 
chemical  and  morphometric  characteristics  of  the  condylomatous  population 
with  dysplasia  was  compared  with  a  population  with  dysplasia  alone.   These 
findings  are  relevant  for  interpreting  and  predicting  the  significance  of 
condylomatous  lesions  of  the  human  cervix.   Using  cytochemical  markers  it 
was  found  possible  to  identify  metastases  of  breast  cancers  even  when  they 
appeared  up  to  six  years  after  primary  diagnosis  and  using  these  methods  the 
monoclonality  of  a  group  of  breast  cancers  was  confirmed.   Early  cancerous 
changes  in  transitional  epithelium  of  the  human  urinary  bladder  have  been 
studied  in  an  effort  to  detect  cell  markers  for  Grade  I  and  II  carcinomas  of 
the  urothelium.   The  use  of  fine  needle  aspiration  biopsy  for  sampling  cell 
populations  from  human  tissue  and  from  surgical  specimens  shows  that  this 
method  is  extremely  valuable  for  cell  sampling  and  may  be  employed  without 
jeopardizing  other  pathological  diagnoses.   The  effects  of  chemical  carcino- 
gens on  human  epithelial  cells  are  investigated  by  studying  the  metabolism 
of  polycyclic  aromatic  hydrocarbons  and  the  inhibition  of  their  activation 
by  antioxidants.   A  study  in  the  kinetics  of  proliferation  of  cervical  epi- 
thelium was  conducted  to  establish  relative  rates  of  proliferation  and  vi- 
ability of  cervical  cells  in  epithelial  layers.   Ongoing  research  projects 
include  a  study  of  metaplasia  in  the  cervical  epithelium  using  both  cultured 
human  cells  and  tissues  to  attempt  to  establish  the  role  of  metaplasia  in 
dysplasia  of  the  human  uterine  cervix. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  main  thrust  of  this  work  is  to  develop  biochemical  methods  for  the  early 
diagnosis  of  granulocytic  leukemia  and  methods  for  inducing  leukemic  cells  to 
develop  some  or  all  of  their  functional  properties  as  a  means  of  partially  or 
completely  restoring  host  defense  mechanisms  in  leukemia  patients.   Work  is 
first  aimed  at  establishing  which  of  the  many  biochemical  steps  involved  in 
normal  granulocyte  maturation  are  controlled  by  humoral  regulators.   The 
results  will  be  compared  with  those  obtained  from  similar  studies  on  leukemic 
cells  at  corresponding  stages  of  maturity  in  order  to  determine  the  nature 
and  potential  reversibility  of  the  arrested  maturation  steps.   Biochemical 
analyses  are  carried  out  on  mature  and  immature  granulocytes  isolated  from 
blood  and  bone  marrow  and  the  effects  of  external  cell  regulators  on  granu- 
locyte production  and  differentiation,  as  measured  by  changes  in  the 
synthesis  of  specific  cellular  components,  are  studied  in  a  defined  culture 
system  previously  developed  in  this  laboratory. 
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Methods  Employed:   Leukocytes  are  isolated  from  bone  marrow,  blood  and  in- 
flammatory exudates  by  a  variety  of  methods.   Subcellular  fractions  are 
prepared  by  differential  centrifugation.   Proteins  extracted  from  leuko- 
cytes and  serum  proteins  are  fractionated  by  column  chromatography  and  gel 
electrophoresis.   Glycolipids  are  separated  by  thin  layer  chromatography 
and  analyzed  by  gas-liquid  chromatography  and  mass  spectrometry.   Immuno- 
logical reagents,  including  fluorescent  antibodies,  are  prepared  against 
granulocyte  proteins  and  used  to  follow  their  formation  during  granulocyte 
maturation.   Stationary  tissue  culture  methods  are  employed  to  study  the 
synthesis  of  specific  proteins  from  radioactive  precursors.   The  distri- 
bution of  radioactive  proteins  in  electrophoretic  gels  is  determined  by 
slicing  the  gels  in  a  gel  fractionator  and  counting  the  slices  in  a  liquid 
scintillation  counter.   Densitometric  patterns  of  gels  stained  for  glyco- 
proteins are  obtained  by  scanning  the  gels  in  a  spectrophotometer  equipped 
with  a  gel  scanner  accessory. 

Major  Findings: 

A.  Detection  and  Purification  of  Regulators  of  Granulocyte  Production 
in  the  Bone  Marrow 

We  have  shown  previously  that  12-hour  inflammatory  (S-12)  serum  stim- 
ulates the  synthesis  of  marker  glycoproteins  in  the  secondary  granules  of 
bone  marrow  granulocytes.   Normal  serum  contains  a  similar  stimulatory 
activity  but  in  lesser  amounts.   This  activity  in  normal  serum  is  masked 
by  the  presence  of  an  inhibitor  which  is  non-dialyzable  but  passes  through 
an  ultrafiltration  membrane  with  a  MW  cut-off  of  10,000.   A  similar  inhibi- 
tory activity  is  found  in  S-12  serum.   The  data  suggest  that  an  opposing 
set  of  stimulatory  and  inhibitory  factors  are  involved  in  the  regulation  of 
bone  marrow  granulocyte  glycoprotein  synthesis  and  the  proportions  of 
these  factors  are  altered  during  the  first  12  hours  of  inflammation  so 
that  the  stimulatory  factors  predominate. 

The  S-12  serum  also  has  a  pronounced  stimulatory  effect  on  the  mito- 
tic activity  of  bone  marrow  granulocyte  precursors  in   vitro.   The  time 
course  of  this  effect  follows  a  pattern  similar  to  that  observed  for  the 
stimulatory  effect  of  S-12  serum  on  glycoprotein  synthesis.   This  fact 
coupled  with  the  finding  that  S-12  serum  produces  an  overall  stimulatory 
effect  on  secondary  granule  components  suggests  that  at  least  part  of  the 
stimulation  of  glycoprotein  synthesis  by  S-12  serum  is  related  to  the  re- 
plication of  secondary  granules  in  myelocytes  which  have  been  stimulated 
to  divide  by  the  S-12  serum  mitotic  factor. 

At  present  the  source  of  the  glycoprotein  synthesis  stimulating  ac- 
tivity (GPA)  in  S-12  serum  is  unknown.   Since  platelets  are  known  to  be 
involved  in  inflammatory  reactions  and  are  a  source  of  growth  factors  for 
connective  tissue  cells  _in  vitro  the  possibility  arose  that  platelets 
might  also  be  a  source  of  the  glycoprotein  synthesis  stimulating  activity 
in  S-12  serum.   To  test  this  possibility  the  GPA  of  serum  prepared  under 
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conditions  that  cause  release  of  the  growth  factors  from  platelets  was 
compared  to  that  of  serum  prepared  under  conditions  which  minimize  the  re- 
lease of  platelet  factors.   No  difference  in  the  GPA  of  these  sera  could 
be  detected  suggesting  that  the  GPA  is  derived  from  some  source  other  than 
platelets. 

B.   Extraction  and  Purification  of  Granulocyte-specif ic  Glycoproteins 

Work  continues  on  the  extraction  and  purification  of  glycoproteins 
from  the  cytoplasmic  granules  of  granulocytic  leukocytes.   These  proteins 
will  be  used  as  markers  in  specific  immunochemical  assays  for  regulators 
of  granulocyte  production  in  normal,  inflammatory  and  leukemic  bone  marrow. 
Present  studies  are  aimed  at  characterizing  the  secondary  granule  protein 
components  of  human  bone  marrow  granulocytes  in  order  to  determine  whether 
the  assay  for  granulocyte  regulators  developed  using  a  guinea  model  is 
applicable  to  the  assay  of  granulocyte  regulators  from  humans.   Initial 
results  show  that  the  glycoprotein  and  glycolipid  profiles  in  SDS  gels  of 
SDS  extracts  of  secondary  granules  from  human  granulocytes  are  analogous 
to  those  obtained  with  guinea  pig  secondary  granules.   This  should  make  it 
possible  to  apply  the  information  gained  from  the  guinea  pig  model  to  the 
study  of  granulocyte  regulators  in  humans. 

Significance  to  Cancer  Research:   (Objective  2,  Approach  3).   Understand- 
ing of  normal  and  leukemic  granulocyte  maturation  depends  upon  clarifica- 
tion of  the  molecular  processes  whereby  the  cell  controls  the  appearance 
and  disappearance  of  specific  components.   Such  information  has  never  been 
obtained  at  the  biochemical  level  in  a  systematic  fashion  similar  to  that 
achieved  in  morphological  studies  of  normal  and  leukemic  granulocytes. 
Any  biochemical  differences  in  the  maturation  processes  observed  between 
normal  and  leukemic  leukocytes  will  be  exploited  for  purposes  of  develop- 
ing techniques,  presently  unavailable,  for  the  early  diagnosis  of  leukemia 
and  for  improved  treatment,  especially  with  regard  to  the  possibility  of 
reversing  the  arrested  maturation  and  decreased  phagocytic  activity  of  leu- 
kocytes from  myelogenous  leukemia. 

Proposed  Course  of  Research:   The  rate  of  production  of  granulocytic  leu- 
kocytes in  the  bone  marrow  is  regulated  by  a  feedback  control  mechanism 
which  responds  to  the  rate  of  destruction  of  these  cells  in  the  peripheral 
tissues  of  the  body.   Feedback  information  could  be  of  a  positive  (stimu- 
lator) or  negative  (inhibitor)  type  transmitted  by  humoral  and/ or  cellular 
factors,  but  at  present  the  nature  of  these  factors  is  unknown.   We  are 
using  the  response  of  guinea  pig  bone  marrow  granulocyte  precursors  to  in- 
flammatory stimuli  as  a  model  for  studying  the  nature  of  the  feedback  fac- 
tors involved  in  the  regulation  of  granulocyte  production.   The  humoral 
hypothesis  for  regulation  will  be  examined  by  studying  the  effect  of  sera 
from  normal  and  inflammatory  guinea  pigs  on  the  synthesis  of  granule- 
specific  granulocyte  precursor  proteins  by  intact  cells  In  vitro.   This 
approach  is  analogous  to  the  use  of  hemoglobin  as  a  marker  for  erythrocyte 
production  in  assays  for  erythropoietin.   Unlike  erythrocytes,  which  con- 
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tain  only  one  major  specific  protein,  granulocytes  contain  many  potential 
marker  proteins  in  their  granules  and  it  is  conceivable  that  humoral  regu- 
lators might  affect  the  synthesis  of  some  granule  proteins  more  than 
others.   Our  research  plans  are  as  follows: 

(1)  To  further  increase  the  specificity  of  our  biochemical  assay  for  gran- 
ulocyte regulators  by  isolating  and  purifying  the  secondary  granule  glyco- 
proteins so  that  antisera  against  these  proteins  can  be  prepared  for  use 

in  specific  radioimmune  assays  for  these  markers; 

(2)  To  isolate,  purify  and  test  in  vivo  the  regulatory  factors  already 
detected  in  normal  and  inflammatory  guinea  pig  serum; 

(3)  To  apply  the  information  obtained  with  guinea  pigs  to  studies  of 
the  regulation  of  granulocyte  production  in  humans; 

(4)  To  search  for  defects  in  the  granulocyte  regulatory  system  in 
guinea  pig  and  human  leukemias. 

Publications: 

Evans,  W.H. ,  Wilson,  S.M. ,  Torres.  A.R. ,  Peterson,  E.A. ,  and  Mage,  M.G. 
Effect  of  Inflammatory  Serum  on  ^C-glucosamine  Incorporation  into  Bone 
Marrow  Granulocytes  In  Vitro.   Exp.  Hematology  7 :  389-396,  197  9. 
Boctor,  F.N.  and  Evans,  W.H. :   Isolation  and  Partial  Characterization  of 
Glycolipids  and  a  Carbohydrate  from  the  Secondary  Granules  and  Plasma 
Membrane  of  Polymorphonuclear  Leukocytes.   Biochem.  Biophys.  Acta  553:  235- 
243,  197  9. 

Appendix:   NTH  Contract  No.  1-60-25423 

Funding:   General  NCI  Contract  for  FCRC  -  No  individual  project  funding 

breakdown  available. 
Man  Years  Purchased:   1 
Collaborating  Contract  Scientist:   Dr.  C.  K.  Hsu,  Frederick  Cancer 

'  '  "  -  "-  ■  -  "~~"   '       ~     Research  Center,  Frederick,  Maryland 
Major  Findings 

The  transplantable  granulocytic  leukemia  in  strain  13  guinea  pigs 
developed  under  this  contract  is  now  in  its  60th  transplant  generation 
with  no  apparent  alterations  in  its  original  biological  properties.   The 
tumor  has  been  successfully  stored  in  the  frozen  state  for  up  to  6  months 
without  loss  of  biological  activity. 

Previously  we  reported  that  large  masses  of  leukemic  nodules  develop 
in  the  omentum  of  guinea  pigs  innoculated  intraperitoneally  with  leukemic 
granulocytes.   This  tissue  serves  as  a  rich  source  of  a  highly  viable  and 
homogeneous  population  of  leukemic  granulocytes  for  cell  culture  studies. 
We  have  found  that  immature  forms  of  leukemic  granulocytes  from  these 
nodules  undergo  cellular  maturation  and  proliferation  up  to  48  hours  in 
cell  cultures  containing  Eagles  medium  fortified  with  10%  normaL  guinea  pig 
serum.   These  cultures  will  be  useful  in  studies  of  the  effect  of  purified 
normal  granulocyte  regulators  on  cellular  proliferation  and  maturation  of 
leukemic  leukocytes. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  are  studying  murine  intracisternal  A-partlcles  as  a  model  for  the  evol- 
ution and  expression  of  integrated  reiterated  viral  genes.  Multiple  indivi- 
dual A-particle  genes  have  been  isolated  from  mouse  DNA  using  recombinant 
DNA  techniques.  These  genes, which  number  1000-2000  copies  per  cell,  make  up 
a  family  of  homologous  but  non-identical  variants  which  are  highly  conserved 
in  various  strains  and  tissues  of  Mus  musculus. 

The  region  of  sequence  homology  between  A-particles  and  the  infectious 
extracellular  M432  retrovirus  of  Mus  cervicolor  has  been  defined  using  cloned 
examples  of  the  two  types  of  genes. 
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Objectives 

To  study  the  mechanisms  for  coordinately  regulating  the  synthesis  of 
individual  macromolecules  and  their  assembly  into  complex  intracellular 
components  (organelles  and  viruses);  specifically,  to  study  the  organization 
and  expression  of  endogenous  viral  genes  in  relationship  to  normal  develop- 
ment and  neoplastic  transformation. 

Methods  Employed 

Tissue  culture;  isolation  of  subcellular  organelles  and  viruses;  label- 
ing of  nucleic  acids  and  proteins  in  vivo  and  in  cell-free  systems;  isola- 
tion and  fractionation  of  nucleic  acids  using  techniques  of  affinity  chrom- 
atography, density  gradient  centrifugation  and  gel  electrophoresis;  estima- 
tion of  genetic  complexity  and  gene  copy  number  by  quantitative  nucleic 
acid  hybridization;  chromosomal  localization  of  specific  DNA  sequences  by 
in  situ  hybridization;  chromatographic,  immunochemical  and  electophoretic 
analysis  of  specific  proteins;  recombination  and  cloning  of  specific  DNA 
sequences  in  bacterial  plasmids  and  animal  viruses;  electron  microscopy  of 
DNA  heteroduplexes  and  DNA:RNA  hybrid  molecules  (R  loops). 

Major  Findings 

We  have  continued  our  structural  and  genetic  analysis  of  intracisternal 
A-particles, 

1.  The  Structure  of  Integrated  A-particle  Genes 

We  described  last  year  the  detection  of  A-particle  sequences  in  re- 
striction endonuclease  digestion  of  mouse  genomic  DNA,  and  the  cloning  of  a 
characteristic  5  Kb  fragment  in  the  plasmid  pBR322.  We  have  extended  our 
study  of  the  A-particle  genes  as  follows : 

a.  A  mouse  "gene  library",  consisting  of  randomly  cut  DNA  segments  about 
15  kb  in  length  inserted  into  the   X  phage  Charon  4A,  was  scanned  using  the 
the  cloned  A-particle  fragment  as  a  specific  probe.  Many  (1%)  of  the  library 
samples  reacted,  confirming  the  high  reiteration  frequency  of  these  genes. 

A  number  of  recombinants  were  isolated  and  the  Aparticle  homologous  regions 
characterized  by  restriction  endonuclease  analysis  and  electron  microscopy. 

b.  The  A-particle  genes  compose  a  family  of  homologous  but  non-ident- 
ical units  dispersed  throughtout  the  mouse  genome.  The  basic  homology  region 
as  revealed  by  heteroduplex  analysis  is  about  7.3  Kb  in  size.  Although  in- 
dividual 7.3  Kb  genes  differ  in  the  occurrence  and  position  of  certain  re- 
striction sites,  we  have  not  encountered  any  major  internal  regions  of  non- 
homology.  The  genes  contain  related  sequences  at  their  3'  and  5'  ends  (term- 
inal repeats).  One  type  of  gene  has  been  isolated  which  contains  a  1.6  Kb 
deletion  but  is  otherwise  identical  with  the  larger  form. 

c.  In  R-loop  experiments,  the  full  length  of  the  355  A-particle  RNA 


21 


Z01  CB  00366-10  LB 

(7.0  Kb  exclusive  of  the  poly(A)  tail)  is  accomodated  within  the  A-particle 
gene.  No  intervening  sequences  are  seen.  R-loops  formed  with  the  deleted 
gene  permit  precise  mapping  and  indicate  that  the  5'  end  of  the  RNA  lies 
200-300  base  pairs  inside  of  the  end  of  the  DNA  homology  region. 

d.  The  A-particle  genes  fall  into  sub-families  according  to  the  pre- 
sence of  certain  internal  restriction  sites.  A  number  of  variant  sub-families 
contribute  to  (and  can  be  indentified  in)  the  complex  restriction  patterns 
observed  when  digests  of  whole  mouse  DNA  are  hybridized  with  A-particle 
probes.   Identical  restriction  patterns  were  obtained  with  DNA  from  15  inbred 
and  feral  strains  of  Mus  mus cuius  and  7  different  tissues  (including  sperm- 
atids) from  a  single  strain  (BALB/c);  thus,  the  relative  proportions  of 
A-particle  gene  variants  are  highly  conserved  in  this  species. 

2.  Relationship  Beteen  A-particle  and  Known  Retroviruses 

Intracisternal  A-particles  of  Mus  musculus  share  partial  sequence  homo- 
logy with  an  infectious  extracellular  virus  (M432)  isolated  from  an  Asian 
species  Mus  cervicolor,  and  the  main  structural  proteins  of  the  two  types 
of  particles  are  immunologically  related  (see  previous  Annual  Reports).  The 
M432  proviral  DNA,  10.2  Kb  in  size,  has  now  been  cloned  into  X   phage  by  Dr. 
R.   Callahan  (NCI)  and  we  are  defining  the  region  of  homology  between  it 
and  the  cloned  A-partial  genes.  Both  restriction-hybridization  and  hetero- 
duplex  analyses  show  a  continuous  4  Kb  stretch  of  homology  beginning  near 
the  presumptive  C-terminal  end  of  the  gag  protein  region  and  spanning  the 
entire  region  that  might  be  thought  to  code  for  the  viral  polymerases  (by 
analogy  with  more  completely  characterized  retroviruses). 

3.  Additional  A-particle  Products 

Antiserum  directed  against  purified  A-particle  p73  (structural  protein) 
reacts  with  a  120,000  dalton  component  in  extracts  of  -'-'S-methionine-labeled 
myeloma  and  neuroblastoma  cells.  The  antibody  reaction  with  pl20  is  competed 
with  cold  p73.  P120  is  a  prominent  labeled  component,  but  turns  over  rela- 
tively rapidly  and  is  present  in  small  absolute  amounts.  It  seems  to  share 
one  major  methionine-labeled  tryptic  peptide  with  p7  3,  but  otherwise  the 
proteins  have  different  tryptic  maps.  The  properties  of  A-particle-related 
pl20  resemble  those  of  gag-related  polyproteins  associated  with  certain 
transforming  viruses  (e.g.  the  Abelson  virus  pl20). 

4.  Regulation  of  A-particle  Expression 

Based  on  an  earlier  observation  (previously  reported)  that  A-particles 
are  found  in  the  endodermal,but  not  embryonal  carcinoma  (EC)  stem  cells,  of 
a  mouse  teratocarcinoma,  we  attempted  to  induce  particle  expression  in  the 
F9  EC  cell  line.  Cells  were  treated  with  retinoic  acid  and  dibutyrylcyclic 
AMP  to  cause  differentiation  to  parietal  endoderm  cells.  No  A-particle  ex- 
pression was  detected  at  either  the  protein  or  RNA  level.  Serendipitously ,  we 
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observed  a  novel  differentiation  of  F9  cells  into  neural-like  cells  rich  in 
acetylcholinesterase  activity.  This  differentiation  was  rigorously  dependent 
on  treatment  with  retinoic  acid  and  dbcAMP  in  a  defined  temporal  sequence. 

Proposed  Course  of  Research 

We  will  (a)  continue  the  structural  analysis  of  the  A-particle  genes, 
particularly  with  reference  to  the  terminal  repeating  elements  and  adjacent 
host  sequences;  (b)  attempt  to  define  additional  peptide  products  of  A-par- 
ticle genes  both  in  cell  extracts  and  through  cell-free  translation  of  mRNA 
selected  by  hybridization  to  cloned  A-particle  DNA;  (c)  extend  coraparision 
studies  of  A-particle  related  sequence  elements  in  other  animal  species. 

Publications 

1.  Kuff,  E.L.,  Callahan,  R. ,  and  Howk,  R.S.:  Immunological  relationship 
between  the  structural  protein  of  intracisternal  A-particles  of  Mus  musculus 
and  the  M432  retrovirus  of  Mus  cervicolor.  J.  Virol.  33:  1211-1214,  1980. 

2.  Lueders,  K.K. ,  and  Kuff,  E.L.:  Intracisternal  A-particle  genes:  ident- 
ification in  the  genome  of  Mus  musculus  and  comparison  of  multiple  copies 
isolated  from  a  mouse  gene  library.  Proc.  Nat'l.  Acad.  Scl.  U.S. A., June  1980 

3.  Kuff,E.L.  and  Fewell,J.H.:  Induction  of  Neural-like  cells  in  cultures 
of  F9  teratocarcinoma  treated  with  retinioc  acid  and  dibutyrylcyclic  adeno- 
sine monophosphate.  Developmental  Biology.  77:  103-110,  1980. 

4.  Callahan,  R. ,  Kuff,  E.L.,  Lueders , K.K. ,  and  Birkenmeier,  E. :  Structural 
and  genetic  relationships  between  an  endogenous  retrovirus  (M432)  of  Mus 
Cervicolor  and  intracisternal  A-particles  of  Mus  musculus.  ICN-UCLA  Sympo- 
sium on  Animal  Viruses,  1980   In  Press 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Methods  for  the  fractionation  and  analysis  of  proteins  are  developed  and 
applied  to  the  purification  of  specific  proteins  for  the  study  of  their 
function  and  structure.   Displacement  chromatography  is  being  developed 
for  the  fractionation  of  macromolecules  and  particles  of  biological  inter- 
est, employing  polyanions  differing  in  number  of  charges  per  molecule  as 
as  displacers.   Current  efforts  are  directed  toward  the  fractionation  of 
HMG  proteins  of  calf  thymus  nuclei  and  human  serum  proteins. 
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Project  Description 

Objectives 

To  develop  methods  for  the  separation  and  analysis  of  proteins  that 
will  overcome  present  limitations  and  to  apply  these  methods  to  the  purifi- 
cation of  specific  proteins  for  the  study  of  their  functions. 

Methods  Employed 

Protein  fractions  separated  by  ion-exchange  displacement  chromatography 
were  evaluated  by  gel  electrophoresis,  using  both  denaturing  and  nondenatur- 
ing  conditions.   Carboxymethyldextrans  having  a  variety  of  degrees  of  sub- 
stitution were  prepared  by  reaction  of  alkaline  dextran  (nominally  10,000 
M.W.)  with  chloroacetic  acid. 


Major  Findings 

Full  utilization  of  the  advantages  of  displacement  chromatography  re- 
quires a  method  for  readily  characterizing  the  carboxymethyldextran  (CM-D) 
emerging  in  critical  fractions  of  the  chroraatogram,  since  such  information 
makes  it  possible  to  select  suitable  spacers  for  focusing  the  separation 
more  favorably  in  succeeding  experiments.   Last  year's  observation  that  the 
shrinkage  of  a  small  column  of  DEAE-Sephadex  A-50  upon  saturation  with  a 
given  CM-D  preparation  was  proportional  to  the  carboxyl  group  content  of 
the  CM-D  has  provided  the  basis  for  the  development  of  a  simple  assay 
serving  that  purpose.   However,  for  technical  reasons  the  assay  has  evolved 
as  a  standardized  sedimentation  procedure  in  which  the  volume  of  a  pellet 
of  DEAE-Sephadex  A50  (20-200ul  after  saturation  with  CM-D),  is  measured  in 
Bauer-Schenck  centrifuge  tubes  with  a  precision  of  1  to  2ul.   The  pellet 
volumes  are  inversely  proportional  to  the  carboxyl  group  content  of  the 
CM-D,  since  they  reflect  the  average  equivalent  weight  of  that  substance. 
Therefore,  a  plot  of  the  reciprocals  of  the  pellet  volumes  produced  by  pure 
CM-D  preparations  versus  their  known  values  for  A220/An  (an  index  that  is 
proportional  to  carboxyl  group  content  and  is  conveniently  measured  for  pure 
CM-D)  yields  a  straight  line  by  means  of  which  the  pellet  volume  produced  by 
the  CM-D  in  any  sample  can  be  translated  into  an  A220/An  value.   So  long  as 
sufficient  CM-D  is  provided  to  saturate  the  small  amounts  of  DEAE-Sephadex 
A50  used  in  the  assay,  the  actual  amount  of  CM-D  in  the  test  sample  need 
not  be  known,  and  the  results  are  unaffected  by  pH  over  a  wide  range  (4.8 
to  at  least  8).   However,  the  assay  is  carried  out  at  pH5  in  order  to  assure 
that  any  protein  in  a  tested  chromatographic  fraction  will  have  a  substan- 
tially lower  affinity  for  DEAE-Sephadex  A50  than  the  CM-D  that  accompanies 
it.   This  assay  is  capable  of  precision  comparable  to  that  obtained  in  the 
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direct  A220/An  measurement,  and  it  measures  an  intrinsic  property  of  the 
CM-D,  ignoring  small-molecule  impurities  that  can  have  disproportionately 
large  effects  on  spectrophotometric  and  titrimetric  measurements.   However, 
it  suffers  from  the  fact  that  its  curve  levels  off  sharply  at  values  cor- 
responding to  A220/An  =  about  400.   Fortunately,  nearly  all  of  the  proteins 
encountered  so  far  have  affinities  that  are  exceeded  by  CM-D  having  A220/An 
values  of  less  than  400. 

The  CM-D  preparations  that  we  have  used  as  spacers  were  heterogenous 
with  respect  to  affinity  for  anion  exchangers  because  the  commercially 
fractionated  dextran  employed  as  the  starting  material  has  an  excessive 
range  in  molecular  weight.   In  the  separation  of  proteins  that  are  close 
in  affinity,  such  heterogeneity  is  troublesome  in  that  much  larger  amounts 
of  CM-D  must  be  used  to  provide  adequate  amounts  of  the  narrow-range  fraction 
needed  to  space  the  proteins.   This  problem  has  been  overcome  by  the  develop- 
ment of  a  chromatographic  procedure  for  the  large-scale  resolution  of  CM-D 
preparations  into  fractions  having  narrow  ranges  of  affinity,  although  they 
are  presumably  still  heterogenous  with  respect  to  molecular  weight.   They 
emerge  at  concentrations  many  times  as  high  as  will  be  needed  for  their  use 
in  protein  fractionations.   The  special  procedure  employed  avoids  the  gener- 
ation of  an  eluting  peak  of  counter-ion,  so  an  undistorted  displacement 
train  of  CM-D  is  obtained  from  the  start,  providing  a  wider  selection  of 
A220/An  values  than  was  available  before,  essentially  free  of  low  molecular 
weight  anions.   The  final  displacer,  the  high-affinity  CM-D  that  saturates 
the  column  at  the  end  of  the  operation,  is  also  recovered  for  reuse. 

The  high-mobility  group  nuclear  proteins,  HMG-1  and  HMG-2,  have  been 
separated  from  the  other  proteins  of  a  0.35M  NaCl  extract  of  calf  thymus 
nuclei  and  from  each  other,  with  excellent  recovery  under  nondenaturing  con- 
ditions, in  a  single  pass  through  a  DEAE-Sephacel  column,  using  two  CM-D 
preparations  as  spacers.   As  in  other  displacement  separations  using  CM-D, 
the  effluent  fractions  could  be  applied  directly  to  gels  for  electrophoretic 
evaluation;  in  this  case  gels  containing  urea  at  low  pH  were  used.   Although 
the  displacers  were  not  selected  to  resolve  the  low-mobility  group  (LMG), 
there  was  a  significant  fractionation  within  this  group,  indicating  that, 
except  for  their  large  numbers,  these  proteins  are  not  likely  to  present 
unusual  problems.   The  pellet  volume  assay  described  above  proved  to  be 
valuable  in  selecting  spacers  for  the  HMG  separation.   The  narrow-range  CM-D 
fractions  have  not  yet  been  used  in  this  application,  but  it  is  anticipated 
that  they  will  be  crucial  in  the  systematic  resolution  of  the  LMG  proteins. 

Very  preliminary  work  in  which  coarsely  resolved  fractions  from  a  simp- 
lified chromatogram  of  human  serum  were  subjected  to  two-dimensional  (2-D) 
gel  electrophoresis  (isoelectric  focusing  followed  by  electrophoresis  in 
gels  containing  sodium  dodecyl  sulfate)  revealed  several  proteins  that  are 
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hidden  under  the  large,  dense  spot  representing  albumin  in  the  2-D  pattern 
obtained  with  unf ractionated  serum.   The  CM-D  in  the  samples  apparently  did 
not  interfere  with  electrophoresis  in  either  dimension.   This  work  has  been 
undertaken  because  it  offers  a  means  of  greatly  increasing  (by  enrichment 
of  the  sample)  the  amount  of  a  given  protein  that  can  be  applied  to  a  2-D 
gel,  as  well  as  a  specific  and  sensitive  means  of  tracking  marker  proteins 
without  known  activity  in  the  course  of  their  purification.   Its  further 
development  should  be  greatly  aided  by  the  pellet  volume  assay  and  the 
narrow-range  CM-D  fractions  reported  herein. 

Significance  to  Cancer  Research   (Objective  2,  Approach  3) 

Displacement  chromatography  of  proteins,  nucleic  acids,  etc.,  promises 
to  be  of  value  at  any  scale  of  operation  and  therefore  has  significance  to 
all  research  that  involves  the  isolation  of  such  substances.   The  high  capac- 
ity and  convenience  of  these  systems  offer  to  expedite  the  recognition  and 
isolation  of  minor  protein  components,  such  as  regulating  factors  and  marker 
proteins  of  interest  in  disease,  when  large  enough  samples  are  available  for 
enrichment  by  these  procedures.   The  development  of  a  systematic,  general 
procedure  for  the  purification  of  nuclear  proteins  that  are  involved  in  the 
regulation  of  the  transcription  of  genetic  information  would  be  of  substan- 
tial significance  to  cancer  research  since  cancer  appears  to  be  the  result 
of  defective  control  of  this  process. 


Proposed  Course  of  Research 

Development  of  displacement  systems  for  the  separation  of  nuclear  pro- 
teins will  be  continued,  with  special  emphasis  on  fractionating  the  LMG 
proteins. 

The  coarse  prefractionation  of  human  serum  prior  to  2-D  electrophoresis 
will  be  developed  further,  using  narrow-range  CM-D,  in  the  hope  of  providing 
a  general  approach  in  the  search  for  marker  proteins  in  disease  that  can  be 
extended  into  a  purification  procedure  for  the  markers  thus  identified. 

Displacement  chromatography  will  be  applied  to  the  isolation  of  serum 
and  cytoplasmic  factors  mediating  bone  marrow  response  to  inflammation  in  the 
guinea  pig.   Its  possible  application  in  the  fractionation  of  cell  populations 
and  leukocyte  granules  will  be  explored,  using  appropriate  adsorbent  matrices. 
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Publications: 

Torres,  A.R.  and  Peterson,  E.A. :   Concentration  of  Proteins  Using  Carboxy- 
methyldextran.   Anal.  Biochem.  98:  353-357  (1979). 

Torres,  A.R.  and  Peterson,  E.A. :   Displacement  Chromatography  of  Simple 
Protein  Mixtures,  Using  Carboxymethyldextrans.   J.  Biochem.  Biophys. 
Methods  1:  349-360  (1979). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  are  studying  the  role  of  ascorbic  acid  and  neoplastic  transformation 
in  regulating  collagen  metabolism  in  animal  cells.   Deficiency  of  ascorbate 
in  guinea  pigs  leads  to  decreased  proline  hydroxy lation  and  defective 
collagen  synthesis.   In  contrast,  stationary  cultures  of  L-929  cells  do 
not  require  ascorbate  for  proline  hydroxylation  and  contain  a  substance 
in  the  microsomal  membrane  which  can  effectively  hydroxylate  proline 
during  procollagen  synthesis  in  the  rough  endoplasmic  reticulum. 
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Project  Description: 

Objectives:   To  elucidate  the  basic  mechanisms  of  collagen  synthesis  and 
secretion  and  to  investigate  the  factors  which  regulate  these  processes  in 
normal  and  transformed  cells. 

Methods  Employed: 

1.  Proteins  of  whole  chick  embryos,  isolated  bones  of  these  embryos,  or 
cell-free  systems  derived  from  these  bones  or  cultured  fibroblasts  are 
labeled  with  ^C-proline.   The  proteins  are  precipitated  with  trichloroacetic 
acid,  redissolved  and  then  assayed  for  radioactivity  in  collagen  and  non- 
collagenous  proteins  by  a  method  involving  specific  digestion  of  collagen  in 
a  mixture  of  proteins  using  highly  purified  collagenase.   This  method  was  de- 
veloped in  our  laboratory  and  is  described  in  a  previous  report  (1968-9). 

The  relative  rate  of  collagen  synthesis  can  be  calculated  from  data  obtained 
by  this  method  and  the  specific  rate  of  synthesis  in  tissue  or  cells  is  cal- 
culated by  determining  the  DNA  content  and  expressing  the  rate  as  cpm/ pg  DNA. 
The  proteins  of  the  cell  and  medium  fractions  of  cultured  fibroblasts  are 
analyzed  separately  in  order  to  study  secretion.   Morphological  changes  in 
cultured  cells  are  recorded  by  polaroid  photomicroscopy. 

2.  To  determine  the  level  of  proline  hydroxylation  in  collagen  of  cells 

or  tissues  labeled  with  radioactive  proline,  collagenase  digests  are  either 
hydrolyzed  with  6N  HC1  and  radioactive  proline  and  hydroxyproline  in  the 
hydrolyzates  are  measured  by  a  specific  radioassay  or  a  new  dual  labeled 
proline  method  is  used  which  eliminates  the  necessity  of  hydrolysis.  To 
measure  the  level  of  lysine  hydroxylation,  cells  or  tissues  are  labeled 
with  radioactive  lysine  and  hydrolyzed  collagenase  digests  are  chromato- 
graphed  on  Dowex-50  in  2N  HC1,  which  separates  lysine  and  hydroxylysine. 

3 

3.  Prolyl  and  lysyl  hydroxylases  are  measured  by  t^O  release  from 

3H-proline  or  ^H-lysine  labeled  unhydroxylated  collagen  prepared  by  in- 
cubating chick  embryo  frontal  bones  with  the  labeled  amino  acid  in  the  pre- 
sence of  the  iron  chelator  a,cc-dipyridyl ,  which  inhibits  hydroxylation. 

4.  Collagen  types  synthesized  in  cultured  cells  were  determined  by  analysis 
of  l^C-or  -%-proline  labeled,  denatured  collagen  using  gel  electrophoresis 
in  sodium  dodecyl  sulfate-polyacrylamide  slab  gels.   Disulfide  bonds  are 
detected  by  running  samples  with  and  without  dithiothreitol  and  observing 
alterations  in  the  positions  of  a  chains.   Radioactive  proteins  are  detected 
by  f luorography. 

Cell  Lines  used  in  these  studies:   Chick  embryo  fibroblasts:  prepared  by 

digesting  frontal  bones  from  15  day  chick  embryos  with  crude  collagenase 

and  culturing  the  released  cells.   Subcultures  in  the  second  to  fifth 
passage  are  used. 


30 


Z01  CB  00945-07  LB 


L-929-  a  line  of  mouse  embryo  fibroblasts  established  about  30  years  ago 
by  use  of  a  chemical  carcinogen. 

BALB-3T3-  a  contact  inhibited  line  of  mouse  embryo  fibroblasts  isolated  by 
Todaro  and  Aaronson.   We  have  derived  several  subclones  of  this  line:   P3, 
which  is  more  stringently  contact-inhibited  than  the  original  culture  and 
P13,  which  has  lost  density  dependence. 

BALB-3T6  and  3T12-  lines  of  mouse  embryo  fibroblasts  derived  from  the  same 
pool  of  cells  as  3T3  but  non-contact  inhibited  and  tumorigenic. 

K1-3T3-  a  line  established  by  Aaronson  by  transformation  of  BALB  3T3  cells 
with  Kirsten  sarcoma  virus.   These  cells  do  not  produce  viral  particles 
unless  super-infected  with  murine  leukemia  virus. 

Mo-3T3-  BALB  3T3  cells  transformed  with  Moloney  sarcoma  virus. 

SV-3T3-  BALB  3T3  cells  transformed  with  SV-40  virus. 

NQT-3T3-  BALB  3T3  cells  transformed  with  a  chemical  carcinogen,  4-Nitroquin- 

oline-1-oxide. 

Embryonic  and  adult  human  diploid  f ibroblasts-purchased  commercially. 

BALB  3T3  subclone  3  was  transformed  with  a  temperature  sensitive  mutant  of 
Kirsten  sarcoma  virus  (KSV)  containing  Moloney  leukemia  virus  (MLV)  helper 
to  give  a  mass  infected  and  transformed  line,  tsKM-3T3.   A  control  line 
infected  with  only  MLV  was  also  produced  (MLV-3T3). 

Major  Findings: 

I.    The  role  of  ascorbic  acid  in  collagen  metabolism. 

A  major  study  on  the  mechanism  by  which  ascorbic  acid  regulates  collagen 
metabolism  was  carried  out  in  guinea  pigs.   Collagen  synthesis  was  measured 
in  vitro  in  calvaria  bones  removed  from  normal  and  scorbutic  animals.   It 
was  found  that  after  3  weeks,  ascorbate  levels  dropped  to  a  minimum  and  the 
relative  rate  of  collagen  synthesis  also  had  decreased.   At  the  same  time, 
proline  hydroxylation  had  decreased  to  about  half  of  the  level  observed  in 
control  guinea  pigs  saturated  with  ascorbate.   These  results  suggest  that  a 
reduction  in  proline  hydroxylation  can  lead  to  a  defect  in  collagen  synthesis. 
In  the  course  of  this  work,  a  new  method  .was  developed  to  measure  hydroxyla- 
tion concommitantly  with  measuring  collagen  synthesis  by  using  4^-H  and  l^C- 
proline  and  measuring  the  %: ^C  ratio  in  the  collagenase  released  peptides. 
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II.   Modification  of  the  collagen  phenotype  by  transformation. 

Further  studies  were  carried  out  on  a  chemical  transformant  of  BALB 
3T3  cells  in  which  the  collagen  phenotype  was  altered  almost  completely. 
Little  or  no  type  I  collagen  was  produced  by  the  transformant  although  it 
is  the  major  type  in  the  parent  cell  line.   The  collagen  types  in  the  trans- 
formant were  further  characterized  and  found  to  be  type  IV,  a  component 
normally  found  in  basement  membrane,  and  type  V,  also  a  non-structural 
collagen  type.   This  is  one  of  the  few  cell  systems  available  which  pro- 
duces soluble  precursor  forms  of  these  collagens. 

Proposed  Course  of  Research: 

I.   Role  of  ascorbic  acid  in  collagen  metabolism 

A.  Studies  will  be  continued  to  analyze  the  mechanism  by  which 
collagen  synthesis  is  decreased  in  scorbutic  guinea  pigs. 

B.  A  reducing  substance  found  in  microsomes  which  replaces  ascorbate 
as  cofactor  for  prolyl  and  lysyl  hydroxylases  in  L-929  cells  will  be  purified 
and  identified. 


II.  Alteration  of  collagen  phenotype  by  transformation 

Further  experiments  will  be  carried  out  to  determine  the  mechanism  by 
which  type  III  collagen  accumulation  increases  in  Kirsten  sarcoma  transformed 
cells  and  by  which  type  I  collagen  accumulation  ceases  while  types  IV  and  V 
collagens  become  the  predominant  types  in  a  chemically  transformed  cell.   RNA 
will  be  prepared  from  normal  and  transformed  cells  to  determine  whether  the 
changes  can  be  seen  at  the  level  of  mRNA  or  whether  they  are  post-trans- 
lational  changes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Determining  the  precise  mechanism  by  which  vitamin  C  affects  collagen  syn- 
thesis should  lead  to  a  more  accurate  use  of  this  vitamin.   In  addition, 
our  studies  with  transformed  cells  indicate  that,  at  least  under  some  con- 
ditions, animal  cells  may  be  able  to  synthesize  a  substitute  for  the  function 
of  vitamin  C  in  connective  tissue. 
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Studying  the  alteration  in  collagen  phenotype  induced  by  transformation  with 
sarcoma  viruses  will  further  expand  our  knowledge  of  the  changes  in  the  bio- 
chemistry of  neoplastic  cells.   Since  collagen  degradation  may  be  a  factor 
in  the  invasion  of  metastatic  tumors,  these  studies  may  provide  insight  into 
this  process. 

Publications: 

Peterkof sky,  B.,  Kalwinsky,  D. ,  and  Assad,  R. :   A  substance  in  L-929  cell 
extracts  which  replaces  the  ascorbate  requirement  for  prolyl  hydroxylase  in 
a  tritium  release  assay  for  reducing  cof actor:   correlation  of  its  concen- 
tration with  the  extent  of  ascorbate-independent  proline  hydroxylation  and 
the  level  of  prolyl  hydroxylase  activity  in  these  cells.   Arch.  Biochem. 
Biophys.  199:   362-373,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  develop  methods  for  gene  mapping  in  eukary- 
otic  cells  and  for  cloning  small  fractions  of  a  mammalian  genome.  Gene  trans- 
fer is  detected  by  isolation  of  colonies  of  biologically  transformed  cells 
in  selective  medium  after  incubation  of  isolated  metaphase  chromosomes  or  mam- 
malian DNA  with  mutant  recipient  cells  deficient  in  HPRT  or  TK.  The  gene  pro- 
duct is  further  characterized  as  donor  species.  Chromosome  and  DNA-mediated 
gene  transfer  methods  differ  significantly  with  respect  to  the  size  of  the 
transferred  fragment.  Chromosome  transfer  is  useful  for  regional  gene  mapping 
but  results  must  be  interpreted  cautiously  since  there  are  multiple  chromoso- 
mal fragments  in  some  transf ormants.  The  size  of  the  transferred  fragments 
varies  from  less  than  2%  to  15%  of  the  human  X  chromosome  (i.e.  <0.1%  to 
0.8%  of  the  haploid  donor  genome).  DNA-mediated  transformation  provides 
a  sensitive  bioassay  for  dominant  acting  mammalian  genes.  Both  methods  can 
be  used  to  stably  integrate  a  selectable  marker  into  any  chromosome  of  a 
mammalian  cell. 
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Objectives 

Development  of  gene  transfer  techniques  in  eukaryotic  cells  as  a  means 
of  genetic  mapping,  investigating  gene  regulation,  and  isolating  restricted 
regions  of  mammalian  genomes. 

Methods  Employed 

Tissue  culture  procedures, including  plating  in  selective  media,  cloning, 
selection  of  cell  mutants, and  isolation  of  somatic  cell  hybrids  after 
interspecific  fusion  of  microcells  with  whole  cells  or  cell/cell  fusion. 
Metaphase  chromosome  isolation  and  purification  by  isopycnlc  and  velocity 
sedimentation;  gene  transfer  to  mammalian  cells  by  uptake  of  purified  meta- 
phase chromosomes  or  high  molecular  weight,  eukaryotic  DNA  with  subsequent 
isolation  of  biologically  transformed  colonies  in  selective  media.  Isola- 
tion and  characterization  of  gene  products  by  chromatography,  electrophor- 
esis, isoelectric  focusing,  and  immunochemical  procedures.  Karyological  ana- 
lysis of  hybrid  cells  and  transformed  cells  by  fluorescence,  phase,  and 
bright-field  photomicroscopic  techniques.  Isolation  of  DNA  and  RNA  and  ana- 
lysis of  DNA  reassociation  kinetics  after  hybridization  in  solution. 

Major  Findings 

A  system  for  gene  transfer  in  eukaryotic  cells,  involving  the  uptake 
of  isolated  mammalian  metaphase  chromosomes,  was  previously  described  in 
reports  from  this  laboratory.  Our  studies  and  those  in  other  laboratories 
have  shown  that  stable  transfer  involves  only  chromosomal  fragments,  but 
closely  linked  genes  are  cotransf erred.  Following  transfer,  most  cells  ini- 
tially exhibit  an  unstable  phenotype  but  stabilization  ultimately  occurs, 
and  this  represents  covalent  integration  of  the  donor  fragment  into  the 
host  genome  at  non-homologous  sites.  An  impediment  to  the  practical  use  of 
chromosome-mediated  gene  transfer  for  regional  gene  mapping  has  been  the 
lack  of  information  concerning  the  size  of  the  transferred  fragment  and 
uncertainty  whether  single,  or  multiple,  fragments  exist  in  a  recipient 
cell. 

The  size  of  the  transferred  fragment  has  been  evaluated  in  a  group  of 
11  transformants,  using  nucleic  acid  hybridization  techniques.  Transcribed 
human  unique  sequence  X-chromosomal  DNA  was  first  isolated  and  used  as  a 
probe  to  quantify  the  fraction  of  the  donor  human  X-chromosome  present  in 
recipient  mouse  cells  after  selection  for  transfer  of  an  X-chromosomal  gene, 
hypoxanthine  phosphoribosyltransf erase  (hprt).  Human  unique  sequence  DNA  was 
radioisotopically  labeled  by  nick-translation,  and  transcribed  human  X-chrom- 
osomal DNA  sequences  were  isolated  by  reassociation  with  a  vast  excess  of 
whole  cellular  RNA  from  a  hybrid  cell  line  containing  only  the  human  X-chrom- 
osome in  a  mouse  background.  Sequences  homologous  with  mouse  DNA  were  then 
removed  by  reassociation  with  excess  mouse  whole  cellular  RNA  and/or  mouse 
DNA.  Labeled,  transcribed,  X-chromosomal  DNA  was  mixed  with  a  vast  excess 
of  transformant  DNA,  denatured,  and  reassociated  in  solution.  The  double- 
stranded,  labeled,  DNA  hybrids  were  separated  and  quantified  by  fractiona- 
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tion  on  hydroxyapatite.  Under  the  condition  employed,  the  extent  of  labeled 
DNA  reassociation  was  directly  related  to  the  fraction  of  the  human  X-chrom- 
osome  (unique  sequence  DNA)  present  in  each  transformed  line. 

DNA  excess  hybridization  was  used  to  prepare  a  probe  which  was  repre- 
sentative of  the  entire  human  X-chromosome.  Human  unique  sequence  DNA  was 
radiochemically  labeled  and  homopolymer  tails  of  poly  dA  were  added  with 
terminal  transferase.  This  labeled  DNA  was  hybridized  with  a  large  excess  of 
DNA  from  the  hybrid  cell  line  containing  only  the  human  X-chromosome  in  a 
mouse  background.  Double  stranded  DNA  containing  the  labeled  human  X-chromo- 
somal  sequences  were  isolated  on  hydroxyapatite  and  the  unlabeled  driver  DNA 
was  removed  by  chromatography  on  oligo-dt-cellulose  and  poly-U-Sepharose 
columns.  Sequences  homologous  with  mouse  DNA  were  subsequently  removed  by 
hybridization  with  a  vast  excess  of  mouse  DNA.   Another  labeled  human  X-chro- 
mosomal  DNA  probe  was  also  prepared  by  a  "subtractive"  type  of  hybridization 
approach.  Both  of  these  probes  were  reassociated  with  excess  unlabeled  trans- 
formant  DNA  and  the  fraction  of  the  human  X-chromosome  (unique  sequences)  was 
thereby  determined. 

There  was  generally  good  agreement  between  the  studies  using  probes  pre- 
pared by  either  DNA-excess  or  RNA-excess  hybridization.   Among  unstable 
transformants,  two  contained  about  15%  of  the  human  X-chromosome  (i.e.  about 
0.8%  of  the  haploid  genome)  and  two  others  contained  5  to  7%  of  the  donor 
X-chromosome.   About  4-5%  of  the  X-chromosome  was  detected  in  two  other 
transformants  only  when  the  transcribed  human  X-chromosomal  DNA  probe  was 
used.   The  donor  X-chromosomal  DNA  content  of  the  remaining  3  unstable  and  2 
stable  transformants  was  below  the  level  of  detection  in  both  studies(i.e. 
about  2%  of  human  X-chromosome).  DNA  was  isolated  from  3  transformant  lines 
after  back-selection  in  6-thioguanine  for  loss  of  the  human  hprt  gene.  Most, or 
all,  detectable  human  X-chromosomal  DNA  was  lost  from  two  of  these  lines  after 
back  selection  whereas  about  7  5%  of  the  transferred  DNA  was  retained  in  the 
third  line,  indicating  the  presence  of  multiple  donor  fragments  in  this  line. 
All  transformant  lines  were  also  analyzed  karyologically  and  biochemically. 
A  chromosome  fragment  was  detectable  cytologically  only  in  the  two  transform- 
ants containing  about  15%  of  the  human  X-chromosomal  DNA.  This  fragment  was 
lost  from  only  one  transformant  on  back-selection  and  it  was  retained  by  the 
transformant  which  also  retained  most  of  the  transferred  DNA.   A  syntenlc 
donor  marker, glucose-6-phosphate  dehydrogenase,  was  also  detected  in  one 
transformant  and  it  segregated  concordantly  with  the  human  cytological  frag- 
ment and  the  human  X-chromosomal  DNA.  The  kinetics  of  DNA  reassociation  indi- 
cated that  neither  of  two  unstable  transformants  containing  15%  of  the  human 
X-chromosome  has  multiple  copies  of  the  same  chromosome  fragment  in  each 
cell.   The  results  demonstrated  that  the  transferred  DNA  can  be  quantified  in 
many  transformants  and  the  transferred  DNA  ranges  from  less  that  2%  of  the 
X-chromosome  to  15%  of  it.  They  also  indicate  that  some  transformants  contain 
a  single  transferred  fragment  and  others  contain  multiple  fragments.   No  evi- 
dence could  be  obtained  for  survival  of  unstable  transformants  by  accumulation 
of  multiple  copies  of  the  transferred  fragment  in  cells. 

Conditions  for  transfer  of  the  hprt  gene  at  high  frequency  by  DNA-med- 
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iated  transfer  have  been  established  previously  and  cotransfer  of  two 
closely  linked  markers,  thymidine  kinase  and  galactokinase,  was  detected  in 
one  transformant  among  about  100  examined.  Further  studies  have  provided 
strong  evidence  that  these  two  markers  are  physically  linked  in  the  trans- 
formed cell.  When  DNA  was  isolated  from  this  cell  line,  these  markers  were 
serially  cotransferred  at  a  high  frequency  of  about  50  to  100%.  This  ind- 
icates that  the  original  cotransfer  probably  resulted  either  from  the  uptake 
of  a  DNA  fragment  from  a  cell  containing  a  chromosomal  rearrangement  (prob- 
ably deletion)  or  from  the  uptake  of  two  separate  DNA  fragments  which  were 
covalently  linked  in  the  first  transformant  after  transfer.  Efforts  have 
also  been  made  to  physically  isolate  the  transferred  DNA  fragment  from 
unstable  transf ormants  after  DNA  mediated  gene  transfer.  The  DNA  was  separat- 
ed by  the  Hirt  procedure  and  the  presence  of  the  transferred  gene  in  the 
Hirt  supernatant  has  been  demonstrated  by  using  this  material  in  the  DNA 
transformation  assay.  No  conclusive  results  have  been  obtained  yet  in 
transformation  (hprt  and  tk  )  assays  using  DNA  digested  with  various  restric- 
tion endonucleases.  These  studies  were  undertaken  to  permit  cloning  of  these 
genes  in  prokaryotes. 

Proposed  Course  of  Research 


The  transferred  X-chromosomal  DNA  has  been  quantified  in  a  large  group 
of  transf ormants.  Labeled  probes  will  be  prepared  from  the  transferred  frag- 
ment in  several  of  these  transf ormants  by  procedures  similar  to  those  report- 
ed above.  These  probes  will  be  used:  1)  to  determine  whether  transferred 
autosomal  fragments  are  also  present  in  some  transf ormants ,  2)  to  determine 
the  copy  number  of  the  fragment  in  transf ormants,  3)  to  provide  a  more  sens- 
itive assay -for  detection  of  multiple  X-chromosmal  fragments  in  transf ormants , 
A)  to  determine  whether  the  transferred  fragment(s)  is  shortened  during 
integration,  and  5)  to  roughly  map  the  regions  of  the  human  X-chromosome 
represented  in  these  different  transf ormants. 

Studies  to  permit  cloning  of  the  human  hprt  and  tk  genes  in  prokary- 
otes will  be  pursued.  Physical  isolation  of  the  transferred  fragment  from 
unstable  transf ormants  (either  DNA  or  chromosome-mediated)  would  allow  suf- 
ficient fractionation  of  the  donor  DNA  to  permit  cloning.  An  alternate  ap- 
proach using  a  DNA  transformation  assay  with  DNA  restriction  fragments  carry- 
ing a  prokaryotic  vector  could  provide  a  means  for  specific  gene  isolation. 
The  DNA  is  currently  being  mapped  for  the  absence  of  specific  restriction 
sites  within  either  of  these  genes  to  allow  this  approach.  Finally,  a  large 
group  of  partially  characterized  transformant  clones  containing  small,  but 
variable,  regions  of  the  human  X-chromosome  are  now  available  in  this  labor- 
atory. Procedures  will  be  developed  to  distinguished  donor  DNA  from  the  in- 
terspecific recipient  background.  This  would  permit  detection  and  isolation 
of  the  limited  number  of  donor  genes  in  a  cloned  library  of  the  transformant. 

Significance  to  Cancer  Research  (Objective  2,  Approach  3) 
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Metaphase  chromosome  isolation  and  fractionation  is  a  promising  ap- 
proach for  the  fractionation  of  mammalian  genes.  The  biological  expression 
of  these  chromosomes  introduced  into  recipient  cells  provides  a  useful  meth- 
od for  the  regional  mapping  of  mammalian  genes.   This  mapping  can  be  further 
expanded  by  the  combination  of  this  technique  with  microcell  hybridization. 
DNA-mediated  transformation  offers  another  approach  to  the  study  of  gene 
regulation  as  well  as  an  extremely  convenient  bioassay  for  dominant-acting 
mammalian  genes.  Both  methods  can  be  used  to  integrate  a  selectable  marker 
into  any  chromosome  of  a  recipient  cell.  Combination  of  these  techniques 
with  nucleic  acid  hybridization  procedures  and  recombinant  DNA  technology 
should  permit  isolation  and  cloning  of  many  euakryotic  genes  which  cannot 
currently  be  isolated.  These  gene  transfer  methods  are  currently  being  used 
by  many  laboratories  in  an  effort  to  isolate  a  gene(s)  causing  neoplastic 
transformation. 

Publications 


Athwal,  Raghbir  S. ,and  McBride,  0.  Wesley:  Chromosome-mediated  gene  tranfer 
and  microcell  hybridization  methods.  In  Rubinstein,  E.  (Ed.):  Emergent  Tech- 
niques  for  the  Genetic  Improvement  of  Crops.  In  Press 

Peterson,  Jane  L. ,  and  McBride,  0.  Wesley:  Cotransfer  of  linked  eukaryotic 
genes  and  efficient  transfer  of  hypoxanthine  phosphoribosyltransferase  by 
DNA-mediated  gene  transfer.  Proc.  Natl.  Acad.  Sci.  USA  77:1583-1587,  1980 

Olsen,  A.S.,  McBride,  O.W. ,  and  Otey,  M.C.:  Isolation  of  unique  sequence  hu- 
man X-chromosomal  deoxyribonucleic  acid.  Biochemistry.  19:  2419-2428,  1980 

McBride,  O.W,  and  Peterson,  J.L.:  Chromosome-mediated  gene  transfer  in  mam- 
malian cells.  Annual  Review  of  Genetics.  Vol.14,  In  Press 


38 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  CB  05203-12  LB 


PERIOD   COVERED  ....     .         „       .        ,      _     .,,-.     1QQri 

October  1,  1979  to  September  30,1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Immunochemical  Purification  and  Characterization 
of  Immunocytes  and  Their  Components 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 

PI:       M. G.  Mage  Immunochemist  LB  NCI 

OTHER:    L.L  McHugh  Biologist  LB  NCI 


COOPERATING  UNITS  (if  any) 

Laboratory  of  Microbial  Immunity,  NIAID 


lab/branch 


Laboratory  of  Biochemistry 


Protein  Chemistry  Section 


INSTITUTE  AND  LOCATION 

NCI,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 

2.0 


PROFESSIONAL: 

1.0 


1.0 


CHECK  APPROPRIATE  BOX(ES) 

Q  (a)   HUMAN  SUBJECTS  □  (b)  HUMAN  TISSUES  g  (c)  NEITHER 

□  (al)  MINORS   □  (a2)  INTERVIEWS 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Our  goal  is  the  development  of  cell  separation  methods  for  the  specific  iso- 
lation of  immune  cells,  particularly  for  varieties  of  antigen-reactive  cells 
(ARC)  involved  in  cellular  immune  reactions,  and  for  their  subcellular  frac- 
tionation in  order  to  study  tthe  mechanisms  involved  in  the  development  of 
immune  reactivities  and  immune  macromolecules.  Populations  of  cells  contain- 
ing ARC  from  normal  mice  and  from  mice  immunized  with  allogeneic  tumor  cells 
and  normal  cells  are  tested  for  binding  to  the  cell  surface  antigens  of  target 
cells  attached  to  insoluble  supports.  Nonadherent  cells  are  tested  for  deple- 
tion of  cytotoxic  effector  cells  (CTL)  by  measurement  of  ^lc  release  from 
target  cells.  Graf t-versus  Host  (GVH)  activity  is  measured  by  the  Simonsen 
assay  in  neonatal  mice.  The  mixed  lymphocyte  culture  is  used  to  test  for  stim- 
ulation of  ARC  by  alloantigen  in  vitro,  and  for  the  generation  of  CTL  from 
their  precursors  (CTLp).  T  Cell  subpopulations  from  thymus  and  spleen  are 
separated  by  and  characterized  with  specific  reagents  such  as  peanut  aggulutin 
and  antibodies  to  the  LyT  and  CTL  differentiation  antigens.  Surface  molecules 
I  of  target  cells  are  isolated  to  test  their  binding  to  ARC. 

I 3i 

PHS-6040 
(Rev.  10-76) 


Objectives  Z01  CB  05203-12  LB 

The  goal  of  this  project  is  the  development  of  methods  for  the  speci- 
fic isolation  of  immune  cells,  particularly  for  different  types  of  antigen- 
ractive  cells  (ARC)  involved  in  cellular  immune  reactions  to  alloantigens , 
for  their  immunochemical  characterization  in  order  to  study  the  mechanisms 
involved  in  the  development  of  immune  reactivities  and  immune  macromolecules. 
In  particular  we  study  the  differentiation  of  cytotoxic  effector  cells  (CTL) 
from  precursors  (CTLp)  in  thymus,  the  molecular  reactions  between  immune 
cells  and  antigens  bound  to  target  cell  surgaces,  and  the  role  of  T  cell 
subpopulations  in  in  vivo  cellular  immune  phenomona  such  as  graft  rejection 
and  the  graft-versus  host  reaction. 

Methods  Employed 

ARC,  obtained  from  normal  mice  or  from  mice  immunized  with  allogeneic 
tumor  cells  or  normal  cells  are  incubated  on  surfaces  coated  with  allogeneic 
or  syngeneic  target  cells  or  on  surfaces  coated  with  antibodies  to  cell  sur- 
face molecules.  Graft-versus  host  activity  (GVH)  of  nonadherent  cells  or 
of  released  adherent  cells  is  measured  by  the  Simonsen  spleen  weight  assay 
in  neonatal  Fl  mice.  CTL  activity  is  measures  by  ->lcr  release  from  target 
cells.  Stimulation  by  alloantigen  is  measured  by  the  mixed  lymphocyte  reac- 
tion and  by  generation  of  CTL  in  vitro. 

T  cell  subpopulation  from  thymus  and  spleen  are  separated  and  charac- 
terized by  their  reactions  with  specific  reagents  such  as  peanut  agglutinin 
and  antibodies  to  the  LyT  and  CTL  (Rothstein  et  al.  J_'  Immunol.  120:  209, 
1978)  differentiation  antigens.  Cell  surface  molecules  of  target  cells  are 
isolated  to  test  their  binding  to  ARC. 

Major  Findings 

1.)   Direct  Separation  of  T  Lymphocyte  Subpopulations  by  Binding 
to  Double  Antibody  Coated  Surfaces 

Affinity  purification  of  viable  cells  from  mixtures,  based  on  the 
binding  of  cell  surface  antigens  to  immobilized  antibodies  has  become  a 
useful  approach  to  cell  separation  problems.  Success  of  affinity  purifi- 
cations may  depend  on  the  relative  concentrations  and  accessibility  to  each 
other  of  the  reacting  ligands.  For  example,  lymphocytes  with  surface  immun- 
oglobin  (B  cells)  have  very  high  density  of  surface  immunoglobuin  molecules. 
A  polystyrene  tissue  culture  dish  coated  with  affinity-purified  anti-immuno- 
globin  antibodies  binds  B  cells  so  strongly  that  they  cannot  be  released 
by  pipetting  without  killing  them,  but  if  the  dish  is  coated  with  anti-immuno- 
globuin  diluted  with  irrelevant  protein  molecules,  the  B  cells  can  be  easily 
released  in  viable  condition  by  pipetting.  The  stability  of  binding  of  the 
cell  surface  molecules  to  the  cell  surface  may  also  influence  the  success  of 
a  purification.  Binding  of  cell  surface  molecules  to  antibodies  may  result 
in  their  removal  from  the  cell  surface  via  "capping".  Capping  is  temperature 
dependent,  and  an  indirect  separation  based  on  the  binding  of  anti-Lyt2 
coated  cells  to  an  anti-immunoglobin  coated  surface  was  successful  at  4° 
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but  not  at  23°. 

The  availability  of  an  affinity  purified  rat  hybridoma  antibody  to  the 
Lyt2  differentiation  antigen  of  mouse  lymphocytes  made  it  possible  to  attempt 
a  direct  separation  by  binding  of  Lyt2"*"  T  cells  to  a  polystryene  surface 
coated  directly  with  anti-Lyt2  antibody.  The  anti-Lyt2  coated  plate  failed 
to  bind  the  Lyt2+  cells.  We  hypothesize  that  the  failure  of  binding  might 
have  been  due  to  insufficient  numbers  of  Lyt2  molecules  on  the  cell  surface, 
to  insufficient  accessibility  of  the  Lyt2  molecules  to  the  immobilized  anti- 
bodies, or  to  an  insufficient   concentration  of  antibody  combining  sites 
on  the  plate  surface.   While  the  number  of  Lyt2  molecules  on  the  cell  surface 
is  not  readily  subject  to  manipulation,  we  attempted  to  increase  the  number 
of  anti-Lyt2  combining  sites  immobilized  on  the  plate  surface,  and  their 
accessibility  to  cell  surface  antigen.  The  petri  plate  was  first  coated  with 
an  affinity  purified  antibody  (to  the  Fc  fragment  of  mouse  IgGl  immunoglobin) 
that  cross  reacts  in  gel  diffusion  with  the  rat  antibody  to  Lyt2.  The  plate 
was  washed  and  then  reacted  with  the  monoclonal  anti-Lyt2  antibody.  Following 
this  second  coating,  the  plate  was  re-washed,  and  mouse  Ig~  lymphocytes  were 
added  and  allowed  to  settle.  A  separation  of  Lyt2+  from  Lyt2~  lymphocytes  was 
obtained.  Functional  viability  of  the  adherent  cells  after  release  from  the 
plate  was  shown  by  their  ability  to  generate  the  expected  cell-mediated  cyto- 
toxic response  to  alloantigen  on  culture  in  vitro  with  semi-allogeneic  [C57 
BL/6  x  BALB/c]F,  stimulators.  The  non-adherent  Lyt2  cells  failed  to  generate 
cytotoxic  activity. 

The  success  of  the  separation  may  be  due  to  the  increased  number  of  anti- 
body combining  sites  on  the  double-coated  plate.  While  the  first  (anti-immun- 
oglobin)  antibody  is  nonspecif ically  bound  to  the  polystyrene  surf ace, probably 
in  a  random  orientation,  each  anti-Fc  combining  site  that  is  free  should  bind 
the  Fc  portion  of  the  second  (anti-Lyt2)  antibody.  As  the  latter  is  also  bi- 
valent, the  number  of  available  antibody  combining  sites  is  double  that  of  a 
plate  coated  directly  with  the  anti-Lyt2.  Furthermore,  the  two  antibody  array 
would  have  enhanced  flexibility,  and  the  anti-Lyt2  combining  sites  would  be 
further  away  from  the  plate  surface  and  better  able  to  approach  the  Lyt2  cell 
surface  antigen.   The  availability  of  monoclonal  antibodies  specific  for  cell 
surface  antigens  is  increasing.   When  these  antibodies  are  specifically 
purified  from  culture  fluid,  they  constitute  a  population  of  molecules  all 
of  essentially  the  same  specificity,  and  make  the  use  of  double  antibody 
coated  surfaces  for  direct  separations  a  method  of  potential  general  utility. 

2. )  Non-Lytic  Preparation  of  Lyt2^  and  Lyt2Z  Lymphocytes 

A  convenient,  preparative  scale,  non-lytic  separation  of  mouse  T  lymph- 
ocytes into  Lyt2.2  and  Lyt2.2_  populations  has  been  developed.  Ig~  spleen 
cells,  Ig~  lymph  node  cells,  or  peanut  lectin-unagglutinated  (PNA~)thymo- 
cytes  were  incubated  under  sterile  conditions  at  0°  with  monoclonal  mouse 
antibody  to  the  Lyt2.2  T  cell  differentiation  antigen.  The  antibody-treated 
cells  were  washed  and  placed  in  polystryrene  tissue  culture  dishes  that  had 
been  precoated  with  antibody  to  mouse  immunoglobulin.  Nonadherent  populations 
were  depleted  of  Lyt2.2+  cells  and  were  essentially  devoid  of  cytotoxic  T 
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lymphocyte  precursors  (CTLp),  but  contained  helper  activity  for  T-dependent 
antibody  formation.  Adherent  cell  populations  were  enriched  for  Lyt2.2+  cells 
and  for  CTLp.  PNA-  thymocytes  were  also  separated  into  Lyt2.2  and  Lyt2.2~ 
by  fluorescence  activated  cell  sorting.  Non-lytic  separation  allows  the  re- 
covery of  the  Lytl+2+  population,  which  is  lost  in  cytotoxic  elimination 
experiements.   The  plate  separation  offers  a  convienient  alternative  to  fluo- 
rescence activated  cell  sorting  when  large  numbers  of  cells  are  needed,  such 
as  in  studies  of  in  vivo  cell  mediated  immune  reactions. 

3 . )  Cooperative  Interaction  of  LytZit  and  LytZ  Lymphocytes  in  the  Graft  Versus 
Host  Reaction 

We  have  studied  cooperative  interactions  between  Lyt2+  and  Lyt2~  lympho- 
cytes in  vivo  in  the  graft  versus  host  reaction.  The  GVH  activity  of  the 
separated  adherent  (Lyt2.2  )  and  non-adherent  (Lyt2.2_)  cells  on  the  Simonsen 
spleen  assay  in  neonatal  [C57B1/6  x  BAlb/c]Fi  mice  was  less  than  that  of 
unf ractionated  cells,  but  the  activity  of  re-mixed  Lyt2.2+  and  Lyt2.2~  cells 
was  higher  than  the  sum  of  the  contributions  of  these  cells  tested  separately, 
and  equal  to  that  of  the  unf ractionated  cells.  Non-lytic  preparative  separa- 
tion of  Lyt2.2+  and  Lyt2.2~  T  cells  may  be  useful  for  studying  the  mechanisms 
of  cooperative  interactions  between  these  lymphocyte  subpopulations. 


Significance  to  Cancer  Research   (Objective  2,  Approach  1) 

The  T  cells  that  undergo  maturation  in  the  thymus  are  thought  to  be  dir- 
ectly involved  in  anti-tumor  immunity,  by  means  of  cell-mediated  tumor  rejec- 
tion. Cytotoxic  cell  precursors, and  helper  and  suppresssor  T  cells  are  thought 
to  undergo  maturation  in  the  thymus.  Knowledge  of  the  antigen-binding  charact- 
eristics and  differentiation  antigens  of  immune  cells  may  help  in  developing 
specific  purifications  of  various  types  of  immune  lymphocytes  reactive 
against  tumor  antigens  and  in  specific  suppression  of  the  graft  versus  host 
reaction  which  is  a  serious  iatrogenic  complication  of  cancer  therapy  with 
bone  marrow  transplantation. 

Proposed  Course  of  Research 

We  plan  to  (1)  continue  to  develop  the  general  separation  methodology 
based  of  specific  binding  of  Ig-coated  cells  to  anti-Ig-coated  surfaces, 
(2)  separate  T  cell  subtypes,  particulary  CTLs,  their  precursors,  helpers, 
and  suppressors,  and  study  their  differentiation,  (3)  continue  to  study  the 
contributions  of  these  cells  _in  vivo  to  immune  reactions  such  as  graft  re- 
jection, GVH  reaction,  and  tumor  rejection,  and  (4)  study  the  macromolecules 
involved  in  the  binding  of  CTL  to  target  cells. 

Publications 
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Mathieson,  B. J. ,  Mage,  M. ,  Betel,  I.,  and  Sharrow,  S.O. :  Cytotoxic 
lymphocyte  precursors:  phenotypic  analysis  and  functional  activity  of  peanut 
lectin  fractioned  thymocytes.  Protides  of  the  Biological  Fluids,  27th  Coll- 
oquium. 27:535,  1979. 
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Project  Description 

Objectives 

Fundamental  understanding  of  cellular  controls  of  gene  expression  re- 
mains our  prime  objective.   Studies  of  steroid  hormone  action  at  cellular 
and  molecular  levels  are  being  pursued  in  an  effort  to  achieve  this  goal. 
We  remain  interested  in  applying  the  fruits  of  basic  research  to  clinical 
situations  when  it  is  feasible,  and  we  have  recently  identified  an  unusual 
steroid  with  properties  which  may  warrant  its  addition  to  the  armamentarium 
of  steroids  in  use  clinically. 

Specific  objectives  relevant  to  the  above  are  as  follows: 

1)  Objective  one  is  to  define  steroid  controls  over  steroid  responsive- 
ness. We  still  employ  three  main  cell  systems  for  this  purpose:  a)  CEM  cells, 
a  human  acute  lymophoblastic  leukemic  T-cell  line,  lysed  by  glucocorticoids; 
b)  HTC  cells,  a  rat  hepatoma  cell  line  with  several  well-defined  responses 
to  glucocorticoids;  and  c)   GH^  cells,  a  line  of  rat  pituitary  adenoma  cells 
producing  glucocorticoid-inducible  growth  hormone  and  glucocorticoid-  and 
thyrolibrin-inducible  prolactin.   With  respect  to  the  CEM  cells,  our  objec- 
tive has  been  to  define  the  nature  of  the  receptor  lesion  apparently  respon- 
sible for  steroid  resistance  in  spontaneous  dexamethasone-resistant  cells. 
Clones  of  HTC  cells  infected  with  mouse  mammary  tumor  virus  (MMTV)  have  been 
employed  with  the  objective  of  seeing  whether  methylation  of  MMTV  bases 
accounts  for  variation  in  MMTV  gene  expression.   GH3  cells  and  hybrids 
between  GH3  cells  and  the  non-prolactin,  non-growth  hormone  producing  mouse 
transformed  fibroblast  L  cell  line  have  been  studied  with  the  ultimate 
objectives  of  explaining  the  mechanism  of  "extinction"  of  these  genes  in 

GH3  x  L  cell  hybrids  and  of  normal  controls  over  the  genes. 

2)  Objective  two:   To  purify  human  glucocorticoid  receptors  and  pro- 
duce antiserum  to  them. 

3)  Objective  three:   To  test  deacylcortivazol  as  an  antileukemic-cell 
agent. 

4)  Objective  four:   To  clone  prolactin  2s  cDNA;  also  to  determine  the 
structure  and  sequence  of  the  native  genes  for  rat  prolactin  and  growth  hor- 
mone. 

5)  Objective  five:   To  develop  covalent  affinity  ligands  for  glucocor- 
ticoid receptors;  to  study  the  biological  effects  of  such  ligands. 


45 


Z01  CB  05210-12  LB 


6)  Objective  six:   To  characterize  the  binding  protein  for  oxygenated 
sterols. 

7)  Objective  seven:   To  define  the  effects  of  oxygenated  sterols  on 
CEM  cells"! 

8)  Objective  eight:   To  develop  a  library  of  clones  of  2S  cDNAs  from 
steroid-treated  rat  liver.   To  purify  tyrosine  aminotransferase  mRNA  suffi- 
ciently so  that  its  cDNA  can  be  cloned  and  recovered  by  screening  the  clones 
by  hybrid  arrest  of  translation. 

Methods  Employed 

In  addition  to  the  methods  outlined  in  prior  reports,  several  new 
methods  have  been  used.   These  are:   restriction  endonuclease  gene  mapping, 
2s  cDNA  cloning,  heteroduplex  mapping  with  electron  microscopy,  hybrid  selec- 
tion of  specific  mRNA's,  and  the  "northern-blot"  technique  of  analyzing  RNA- 
DNA  hybrids. 

Major  Findings 

Objective  One 

a)  By  the  use  of  DEAE-cellulose  chromatography  to  separate  the  "acti- 
vated" and  the  "preactivated"  forms  of  glucocorticoid  receptor,  we  have 
shown  that  raolybdate  stabilizes  the  "preactivated"  form  of  the  CEM  cell 
glucocorticoid  receptor.   These  techniques  have  been  employed  to  confirm 
our  preliminary  conclusion,  that  spontaneous  resistance  to  glucocorticoids 
in  CEM  cells  often  leads  to  a  cell  phenotype  of  a  type  hitherto  not  recog- 
nized; and  which  consists  of  cells  containing  imperfect  receptors  which 
become  labile  during  or  quickly  after  their  activation.   We  call  this  new 
phenotype  (r+,  act^)  for  receptor-positive,  activation  labile,  and  we  sug- 
gest that  it  may  account  for  some  of  the  observed  cases  of  receptor- 
positive,  steroid-resistant  leukemias. 

b)  Our  test  for  a  possible,  specific  mechanism  to  explain  the  lack  of 
production  of  MMTV  in  certain  HTC  cell  clones,  continue.   We  are  currently 
using  pairs  of  restriction  nucleases  (isoschizomers)  which  differ  only  in 
their  ability  to  make  cuts  at  methylated  versus  non-methylated  bases.   By 
comparing  these  enzymes'  effects  on  MMTV  genes  obtained  from  producer 
versus  non-producer  clones  of  HTC  cells,  we  are  testing  the  theory  that 
methylation  of  the  MMTV  gene's  bases  correlates  with  lack  of  expression. 

c)  GH3  x  L  cell  hybrids  show  extinction  of  both  prolactin  and  growth 
hormone.  We  have  shown  that  re-expression  of  either  of  these  genes  can 
occur  independently.   One  clone  only  re-expresses  growth  hormone.   Using  a 
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cDNA  probe  to  growth  hormone,  we  have  shown  that  in  this  clone,  as  well  as 
in  nonexpressing  hybrids,  both  rat  and  mouse  growth  hormone  genes  are 
present  in  the  same  restriction  fragments. 

Objective  Two 

We  have  not  achieved  this  objective  yet.   However  we  have  developed 
methods  to  stabilize  and  several  procedures  to  purify  human  glucocorticoid 
receptors.   We  have  discovered  several  forms  of  these  receptors,  and  have 
devised  a  protocol  to  achieve  receptors  pure  enough  to  use  for  immuniza- 
tion. 

Objective  Three 

Deacylcortivazol  was  an  obscure  synthetic  glucocorticoid  in  which  we  be- 
came interested  to  study  structure-function  relationships.   We  have  shown 
that  it  is  an  extremely  potent  glucocorticoid,  that  its  potency  exceeds  its 
apparent  affinity  for  glucocorticoid  receptors  (probably  an  artefact  reflect- 
ing the  inadequacies  of  competitive  binding  assays),  and  that  it  lyses  not 
only  dexamethasone-sensitive  but  dexamethasone-resistant  CEM  cells. 

Objective  Four 

We  have  obtained  five  overlapping  clones  of  about  15  Kb  each  containing 
prolactin  structural  sequences  which,  when  added  together,  comprise  suffi- 
cient DNA  to  account  for  the  mature  prolactin  mRNA.   We  found  one  clone  of 
about  18  Kb  which  appears  to  contain  enough  DNA  to  account  for  all  of  mature 
growth  hormone  mRNA.   We  have  mapped  these  DNA's  with  restriction  endonuc- 
leases  and  by  heteroduplex  mapping  through  electron  microscopy.   Both  genes 
contain  four  intervening  sequences.   These  have  been  sized  and  positioned  in 
the  genes. 

We  have  obtained  a  number  of  clones  from  rat  pituitary  mRNA  enriched 
for  prolactin  mRNA  and  transcribed  into  2s  cDNA.   These  are  being  screened 
for  prolactin  and  growth  hormone  cDNA-containing  clones. 

Objective  Five 

A  large  series  of  affinity  ligands  has  been  synthesized,  based  on  the 
data  reported  last  year.   These  have  been  screened  for  their  ability  to 
induce  tyrosine  aminotransferase  and  to  compete  for  binding  to  glucocorti- 
coid receptors.   Specialized,  fluorescent-tagged  glucocorticoids  have  been 
similarly  prepared  and  screened. 

Cortisol  mesylate,  one  of  our  compounds,  has  been  shown  to  be  an 
extremely  long-acting,  possibly  irreversible  antiglucocorticoid. 
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We  intend  to  extend  our  tissue  culture  effects  of  deacylcortivazol  to 
its  effects  on  CEM  cells  in  mice,  and  if  these  results  are  promising,  to 
apply  for  Phase  I  testing  in  patients. 

We  plan  to  combine  several  steps  to  purify  human  glucocorticoid  recep- 
tor about  5000-fold,  then  to  use  this  to  induce  antisera  in  rabbits. 

Publications 
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Thompson,  E.B.,  Norman,  M.R. ,  and  Harmon,  J.M. :   CEM  Cells:   A  Model  System 
for  Studies  of  Glucocorticoid  Action  in  Human  Lymphoblastic  Leukemia. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Two  mammalian  proteins  important  for  analysis  of  in  vitro  DNA  replication 
have  been  characterized.   These  proteins  are  DNA  a-polymerase  and  helix- 
destabilizing  protein-1  from  mouse  myeloma.   Discrete  fragments  of  the  helix- 
destablizing  protein  were  produced  by  controlled  proteolysis  with  trypsin. 
These  fragments  were  purified  and  used  in  studies  on  structure-function 
relationships.   We  found  that  the  N-terminal  region  of  native  helix-destabi- 
lizing protein-1  is  not  required  for  DNA  binding  and  that  DNA  binding  by  the 
native  protein  occurs  without  significant  protein: protein  cooperativity.   The 
kinetic  mechanism  of  a-polymerase  was  studied  using  a  simplified  replication 
system  in  which  the  enzyme  acted  in  a  strictly  processive  fashion.   The  exper- 
imental results  were  consistent  with  a  rapid  equilibrium-random  Bi  Uni  Uni  Bi 
ping  pong  mechanism.   It  was  also  found  that  the  initiation  phase  of  the  ct- 
polymerase  reaction  could  be  studied  independently  of  the  elongation  phase. 
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Project  Description: 


Objective:   The  objective  ultimate  objective  of  this  research  program  is  to 
understand  mechanisms  of  DNA  synthesis  in  mammalian  cells.   Our  approach  is 
the  examination  of  DNA  replication  in  vitro  using  purified  DNA  polymerases 
and  other  required  proteins. 

It  is  anticipated  that  these  studies  on  the  properties  and  specificities  of 
the  purified  DNA  replication  proteins  will,  in  conjunction  with  results  from 
other  workers,  help  answer  important  question  about  mechanisms  of  DNA  repli- 
cation in  the  cell. 

Methods  Employed:   Procedures  have  been  developed  for  purification  of  DNA 
polymerases  and  DNA  bindingprotein  from  mouse  and  other  tissues.   These  pro- 
cedures in  volve  subcellular  fractionation,  various  types  of  ionic  separ- 
ation, gel  filtration,  and  affinity  chromatography,  and  assays  for  DNA  poly- 
mease  activities  using  a  variety  of  reaction  conditions.   Cell  fractionation 
procedures  and  characterizations  of  reaction  products  were  performed  using 
conventional  techniques  of  rate-zonal  centrifugation,  scintillation  spectro- 
photometry, thin-layer  chromatography,  and  gel  electrophoresis. 

Major  Findings: 

1.  Discovery  of  the  Kinetic  Mechanism  of  DNA  polymerase  alpha: 

The  mechanism  of  DNA  synthesis  by  purified  mouse  ce-polymerase  was 
examined  using  the  simplified  replication  system  of  poly  d(T)  as  template, 
oligo  r(A)  as  primer,  and  Mg-dATP  as  substrate.   As  revealed  by  size  analysis 
of  product  molecules  using  gel  electrophosesis  in  23%  polyacrylamide-fM  urea, 
overall  poly  d(A)  synthesis  in  this  system  was  strictly  processive.   Steady- 
state  kinetic  analysis  of  the  poly  d(A)  synthesis  reaction  was  performed  by 
assuming  that  the  mechanism  for  the  elongation  phase  was  ping  pong  with  a 
similar  kinetic  constant  for  each  Mg-dATP  addition.   The  kinetics  of  the 
initiation  phase  of  the  reaction  were  found  to  be  consistent  with  a  rapid 
equilibrium-random  mechanism  involving  addition  of  template-primer  and  the 
first  Mg-dATP.   The  experimental  data  for  the  overall  reaction  were  found 
to  be  consistent  with  a  terreactant  ping  pong  mechanism  of  rapid  equilibrium- 
random  Bi  Uni  Uni  Bi.   Results  from  a  product  inhibition  kinetic  study  with 
pyrophosphate  were  consistent  with  this  mechanism.   An  interesting  implica- 
cation  of  these  results  is  that  a-polymerase  can  initiate  DNA  synthesis 
at  its  maximal  rate  even  in  the  presence  of  only  a  stoichiometric  amount 
(i.e.  1:1  molecular  ratio)  of  template  primer.   A  similar  mechanism  for  ini- 
tiation has  recently  been  reported  for  another  processive  polynucleotidyl 
transferase,  E.  coli  RNA  polymerase. 

2.  Discovery  of  an  "Abortive  Initiation"  Reaction  by  DNA  polymerase  alpha: 

Using  the  model  replication  system  described  above  (section  1),  we 
have  found  that  the  a-polymerase  inhibitors,  pyrophosphate,  pyridoxal 
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phosphate,  or  polyamines  cause  the  enzyme  to  dissociate  from  the  template- 
primer  after  formation  of  just  one  phosphodiester  bond.   After  incubation 
in  the  presence  of  3mM  spermine,  for  example,  over  90%  of  the  primer  mole- 
cules initiated  upon  contain  just  one  dAMP  residue.   The  number  of  primer 
molecules  initiated  upon  was  actually  increased  in  the  presence  of  spermine, 
even  though  overall  DNA  synthesis  was  inhibited  75  to  90%.   The  study  of 
this  reaction  will  provide  an  approach  to  examine  the  mechanism  of  initia- 
tion by  a-polymerase  without  complications  from  the  elongation  phase  of  the 
usual  overall  reaction.   This  distributive  addition  of  one  dAMP  residue  is 
termed  "abortive  initiation",  after  a  similar  type  of  reaction  catalyzed  by 
E.  coli  RNA  polymerase  in  the  presence  of  rifampicin. 

3.  Mechanism  of  Binding  of  Mouse  Helix-destabilizing  Protein-1  to  DNA: 

Mouse  helix-destabilizing  protein  1  (HD  protein-1)  is  a  single-stranded 
DNA  specific,  DNA  binding  protein.   The  mechanism  of  binding  of  HD  protein-1 
to  DNA  has  been  examined  by  two  experimental  approaches.   Using  the  sedi- 
mentation boundary  analysis  described  by  von  Hippie  and  coworkers,  we  found 
that  HD  protein-1 :single  stranded  DNA  binding  isotherms  were  described  by  an 
equation  assuming  a  K  of  4  x  10^1   ,  a  binding  site  size  of  7  dNMP  resi- 
dues in  the  DNA,  and  no  protein:protein  cooperativity.   The  second  DNA 
binding  assay  used  was  a  trypsin  protection  assay  developed  in  this  labora- 
tory.  We  showed  that  binding  to  DNA  protects  HD  protein-1  from  trypsin 
hydrolysis  and  that  requirements  for  binding  could  be  examined  by  measuring 
the  amount  of  HD  protein-1  protected  against  trypsin  attack;  in  addition, 
poly  d(T)  gave  as  much  protection  as  single-stranded  calf  thymus  DNA,  and 
therefore,  d(T)  oligomers  of  known  chain  length  could  be  evaluated.   The 
results  using  this  second  binding  assay  indicated  a  K  of  5  x  10  M~  ,  a 
binding  site  size  of  6  to  8  dTMP  residues  in  poly  d(T),  and  no  protein: 
protein  cooperativity.   Thus,  results  obtained  by  the  two  assay  methods 
were  in  good  agreement.   This  work  is  the  first  detailed  binding  study  of 
a  single-stranded  DNA  specific  binding  protein  that  does  not  bind  coopera- 
tively, as  in  the  case,  for  example,  of  T4  gene  32  protein.   Thus,  the 
mechanism  of  how  a  critical  concentration  of  this  protein  could  be  achieved 
along  a  region  of  DNA  is  of  considerable  interest,  and  there  is  the  pos- 
sibility that  HD  protein-1  may  be  an  example  of  a  translocation  or  sliding 
protein  capable  of  moving  along  DNA  without  macroscopic  dissociation. 

4.  Structure-Function  Relationships  of  Mouse  Helix-destabilizing  Protein-1: 

Two  tryptic  fragments  of  mouse  helix-destabilizing  protein-1  (HD 
protein-1),  designated  19HDP*  and  22  HDP*,  were  carefully  analyzed  for  their 
C-terminal  primary  structure  using  carboxypeptidase  y  digestion.   The  two 
fragments  were  found  to  contain  the  same  six  C-terminal  amino  acids,  and  the 
rate  of  release  of  these  was  consistent  with  the  same  sequence  in  the  two 
proteins.   This  putative  sequence  of  the  C-terminal  proximal  region  of  the 
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fragments  was  the  same  as  that  found  for  the  native  HD  protein  (27,000-Mr). 
The  fragments  and  the  native  HD  protein,  however,  did  not  contain  the  same 
N-terminal  residue.   These  results  indicate  the  N-terminal  region  of  the 
native  HD  protein  had  been  removed. 

DNA  binding  studies  revealed  that  19  HDP*  and  22HDP*  could  bind  to 
single  stranded  DNA  with  the  same  affinity  as  the  native  protein.   Thus  the 
N-terminal  region  of  native  HD  protein-1  is  not  required  for  DNA  binding. 

5.   Regulation  of  DNA  Polymerase  Alpha  in  Monkey  Cells  in  Culture: 

In  collaboration  with  E.L.  Kuff,  we  have  continued  an  examination  of 
levels  of  alpha-polymerase  activity  in  contact  inhibited  monkey  cells  in 
culture.   The  results  of  this  study  are  still  preliminary,  and  we  anticipate 
detailed  description  of  findings  in  a  later  report. 

Significance  to  Cancer  Research:   Detail  knowledge  of  the  mechanisms  of  DNA 
synthesis  is  vital  to  our  understanding  the  molecular  biology  of  neoplasia. 
Many  approaches  are  being  used  to  investigate  DNA  synthesis  in  normal  and 
neoplastic  cells,  and  advances  on  all  levels  will  prove  useful  in  preventing, 
treating,  and  ultimately  controlling  cancer.   Activity  of  DNA  synthesizing 
proteins  is  necessary  for  maintenance  of  a  rapid  rate  of  cell  division,  and 
in  some  cases  there  is  evidence  that  these  proteins  may  play  an  important 
role  in  the  development  of  the  neoplastic  state. 

Proposed  Course  of  Research: 

1.  To  further  characterize  DNA  replication  proteins  from  mouse  and  monkey 
cells  and  from  vaccinia  virus-infected  cells. 

2.  To  further  characterize  mouse  helix-destabilizing  protein-1  and  other 
single-stranded  DNA  specific  binding  proteins  of  interest. 

3.  To  investigate  activity  of  purified  DNA  replication  proteins  in  vitro 
using  as  template  either  a  single-stranded  closed  circular  viral  DNA, 
homopolymer  DNA,  or  vaccinia  virus  DNA. 

Publications: 

Minna,  J.D. ,  Marshall,  T.H. ,  Brown,  S.H. ,  Burk,  R.D.,  Lemons,  R.S.  and 
Wilson,  S.H. :  Regulation  of  Expression  of  Type  C  Viron  DNA  Polymerase 
(Reverse  Transcriptase)  in  Human  x  Mouse  and  Human  x  Rat  Hybrid  Cells. 
Som.  Cell  Genet.  5:   991-1011,  1979. 

Planck,  S.R. ,  Tanabe,  K. ,  and  Wilson,  S.H. :  Distinction  Between  Mouse  DNA 
Polymerases  a   and  B  by  Tryptic  Peptide  Mapping.   Nuc.  Acids.  Res.  8,  1980. 

Planck,  S.R. ,  and  Wilson,  S.H. :   Studies  on  the  structure  of  Mouse  Helix- 
Destabilizing  Protein-1:   DNA  Binding  and  Controlled  Proteolysis  with 
Trypsin.   J.  Biol.  Chem. ,  in  press,  1980. 
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Project  Description: 
Objectives; 

To  study  the  functional  role  of  subunits  and  protein-protein  interac- 
tions.  Two  enzymatic  systems:  polynucleotide  phosphorylase  and  cAMP  phos- 
phodiesterase and  other  calcium  dependent  regulator  protein  systems  are 
being  studied. 

Methods  Employed: 

The  project  involves  the  study  of  properties  of  proteins,  purified  and 
analyzed  by  the  usual  techniques  of  protein  isolation,  including  many  types 
of  chromatography  and  electrophoresis.   The  enzymes  are  being  studied  by 
examining  their  optical,  hydrodynamic,  and  kinetic  properties  as  well  as  by 
suitable  chemical  measurements  and  modifications. 

Polynucleotide  Phosphorylase: 

The  subunit  structure  of  polynucleotide  phosphorylase  has  been  deter- 
mined by  sedimentation  equilibrium  and  crosslinking  with  dimethylsubermi- 
date  followed  by  electrophoretic  analysis.   Both  the  primer-independent  and 
trypsin  treated,  primer-dependent  enzymes  are  composed  of  three  subunits. 
The  molecular  weight  of  the  subunit  of  the  native  enzyme  is  92,000,  that  of 
the  partially  proteolyzed  enzyme  is  78,000.   Trypsin  treatment  appears  to 
remove  the  carboxyl  terminal  portion  of  each  subunit  since  neither  of  the 
two  forms  of  the  enzyme  has  a  detectable  amino  terminal  residue.   Limited 
proteolysis  affects  selectively  the  polymerization  activities:   ability 
to  initiate  or  terminate  "de  novo "  synthesis,  to  elongate  short  oligonu- 
cleotides or  large  RNA  molecules. 

Regulation  of  Cyclic  Nucleotide  Phosphodiesterase: 

The  Ca2+-dependent  regulation  of  several  cellular  processes  is  medi- 
ated by  the  ubiquitous,  multifunctional,  intracellular  Ca2+-binding  protein, 
calmodulin.   Regulation  of  cyclic  nucleotide  phosphodiesterase  by  calmodulin 
is  used  as  a  model  system  to  elucidate  the  mechanism  of  action  of  calmodulin. 

The  stimulus-response  coupling  mediated  by  Ca2+  involves  several 
successive  steps:  a  transitory  increase  in  intracellular  Ca2+  from  10"'  to 
10~6-10"5M,  an  interaction  of  Ca2+  with  the  Ca2+  receptor,  calmodulin,  an 
interaction  of  the  activated  complex  with  the  various  target  proteins  and 
activation  of  several  enzymatic  reactions.   The  intracellular  concentration 
of  Mg2+  and  monovalent  cations  is  much  larger  than  that  of  Ca2+  and  it  is 
therefore  important  to  determine  the  effect  of  these  cations  on  the  binding 
properties  of  calmodulin  in  order  to  understand  the  first  event  in  Ca2+ 
stimulation.   Using  the  flow  dialysis  technique  of  Colowick  and  Womack,  Dr. 
Haiech  demonstrated  that  Mg2+  and  K+  have  a  pronounced  effect  on  the  ability 
of  calmodulin  to  bind  Ca2+.   Using  a  new  theory  of  ligand-macromolecular 
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interaction,  he  has  been  able  to  determine  the  macroscopic  constants  of 
the  individual  Ca  -binding  sites  of  calmodulin  as  well  as  the  K^  for  the 
interfering  cations.   The  data  are  consistent  with  a  sequential  mode  of 
binding.   Since  different  conformers  are  formed  according  to  the  degree  of 
Ca2+  occupancy  calmodulin  has  the  ability  to  translate  a  quantitative  Ca2+ 
signal  into  qualitatively  different  cellular  responses  if  one  assumes  that 
different  calmodulin-binding  proteins  recognize  different  conformers. 

The  activation  of  cyclic  nucleotide  phosphodiesterase  by  calmodulin 
was  shown  to  be  dependent  on  the  calmodulin.  Ca2"1"  complex.   The  very  tight 
interaction  of  the  enzyme  with  its  activator  in  the  fully  liganded  state 
[Kj=10~  M]  results  in  a  very  strong  cooperativity  and  allows  the  enzyme  to 
respond  to  a  very  narrow  Ca2"1"  threshold.   On  the  other  hand  troponin  I  was 
shown  to  interact  with  calmodulin  even  in  the  absence  of  Ca2.   Despite 
their  different  modes  of  interaction  the  two  proteins  appear  to  compete 
with  each  other  and  the  absence  of  a  detectable  ternary  complex  suggests 
that  they  may  recognize  the  same  calmodulin-interacting  site.   Another 
calmodulin-binding  protein  which  was  known  as  an  inhibitor  of  phosphodie- 
sterase activation  by  calmodulin  appears  to  recognize  the  same  site.   This 
protein  is  found  primarily  in  the  nervous  tissue,  is  itself  a  Ca2+-binding 
protein  and  has  therefore  been  called  calcineurin.   This  protein  is  com- 
posed of  two  subunits,  a  large  calmodulin-binding  subunit  [Mr  61,000]  and 
a  small  Ca  -binding  subunit  [M  15,000],   We  are  presently  testing  the 
possibility  that  calcineucin  exerts  a  modulating  role  in  the  regulation  of 
the  Ca2+  signal  by  calmodulin  (Richman,  Crouch,  Haiech,  Krinks  and  Klee). 

In  collaboration  with  Dr.  P.  Cohen  (University  of  Dundee,  Scotland) 
we  have  studied  the  interaction  of  calmodulin  with  skeletal  muscle  phos- 
phorylase  kinase.   The  calmodulin  molecule  which  is  an  integral  part  of  the 
enzyme  (1  subunit)  interacts  in  the  absence  of  Ca2"1",  with  the  y  subunit  of 
the  enzyme  which  is  believed  to  be  the  catalytic  subunit.   The  5  subunit 
confers  Ca2+  sensitivity  to  the  enzyme.   Additional  Ca2+-dependent  stimu- 
lation can  be  obtained  by  Ca2  -dependent  interaction  of  the  enzyme  (aByS) 
with  an  additional  molecule  of  calmodulin  which  interacts  with  the  two 
large  regulatory  subunits  a   and  (3.   This  last  calmodulin  can  be  replaced  by 
troponin  C  and  in  view  of  the  large  concentration  of  troponin  C  in  skeletal 
muscle  the  latter  could  be  the  physiological  regulator  of  the  enzyme  in 
this  tissue.   The  Ca2  -dependent  stimulation  of  the  enzyme  is  modulated  by 
its  state  of  phosphorylation  confirming  the  coupling  of  the  two  regulatory 
signals,  Ca2+  and  cAMP. 

In  collaboration  with  Drs.  Adelstein  and  Hathaway  from  the  NHLBI,  we 
have  extended  our  studies  on  calmodulin  regulation  of  myosin  light-chain 
kinases  from  smooth  muscle  and  brain.   The  purified  proteins  interact  with 
calmodulin  with  a  high  affinity  and  form  stoichiometric  1:1  complexes. 
Phosphorylation  of  myosin  light-chain  kinase  by  the  catalytic  subunit  of 
cAMP-dependent  protein  kinase  results  in  an  inhibition  of  the  enzyme  and 
a  decreased  ability  to  interact  with  calmodulin.   These  experiments  provide 
another  example  of  a  coupled  regulation  of  cellular  processes  by  Ca2+  and 
cyclic  nucleotides. 
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Other  collaborative  projects  on  the  study  of  the  inhibition  of  binding 
of  TSH  to  thyroid  membranes  by  calmodulin  and  troponin  C  (L.  Kohn,  R. 
Magnuson  and  C.  Klee)  and  the  effect  of  calmodulin  on  adenylate  cyclase 
from  Chinese  hamster  cells  (W.  Anderson,  D.  Evain  and  C.  Klee)  have  been 
terminated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Both  groups  of  proteins  being  studied  are  examples  of  regulation  of 
catalytic  activity  by  protein-protein  interactions.   Polynucleotide  phos- 
phorylase,  a  well-known  bacterial  enzyme,  has  also  been  described  in  mamma- 
lian cells.   It  is  widely  utilized  for  the  synthesis  of  model  nucleic  acids 
used  in  nucleic  acid  enzymology  and  interferon  induction,  and  also  in  the 
degradation  of  poly  A  sequences  of  mammalian  mRNA.   Its  physiological  role 
is  still  undetermined,  but  it  would  seem  likely  that  the  enzyme  has  an  im- 
portant function  in  nucleic  acid  metabolism. 

cAMP  phosphodiesterase,  as  one  of  the  enzymes  responsible  for  the  con- 
trol of  cAMP  levels,  which  are  critical  for  the  regulation  of  cell  growth 
and  differentiation,  is  of  considerable  interest.   The  potential  role  of 
calmodulin  in  mediating  the  cellular  effects  of  Ca^+  and  the  functional 
state  of  contractile  proteins  is  of  obvious  importance.   This  ubiquitous 
regulatory  protein  could  provide  a  link  between  cyclic  nucleotide  levels 
and  multiple  cell  functions.   The  ability  of  calmodulin  to  regulate  a  large 
number  of  biological  functions  represents  a  novel  mechanism  with  great  po- 
tential physiological  significance. 

Future  Course  of  Research: 

Calmodulin  plays  a  unique  role  in  the  regulation  of  cytosolic  calcium: 
that  of  a  universal  modulator  of  Ca^+  acting  as  a  second  messenger.   The 
interaction  of  calmodulin  with  calcium  and  with  at  least  two  of  its  target 
proteins,  cyclic  nucleotide  phosphodiesterase  and  calcineurin  will  be  studied 
to  elucidate  the  mechanism  of  regulation  of  Ca2+-dependent  cellular  responses 
by  calmodulin.   The  modulation  of  calmodulin  action  by  cAMP  dependent  phos- 
phorylation and  other  intracellular  Ca^+  modulated  proteins  will  also  be  in- 
vestigated since  such  a  work  will  permit  the  demonstration  of  a  coupling  of 
the  two  intracellular  second  messengers  Ca^+  and  cAMP.   These  studies  will 
be  carried  out  at  the  molecular  level  with  purified  and  characterized  pro- 
teins as  well  as  at  the  cellular  level  with  cells  in  tissue  culture  to  cor- 
relate the  "in  vitro"  observations  with  physiological  events.   Two  model 
systems  will  be  analyzed:  The  differentiation  of  neuroblastoma  glioma  hybrid 
NG-108-15  and  in  vitro  transformation  of  cells. 

Publications: 

Crouch,  T.H.  and  Klee,  C. B. :   Positive  cooperative  binding  of  calcium  to 
bovine  brain  calmodulin.   Biochemistry,  in  press. 
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The  structures  of  a  group  of  newly  and  independently  isolated  defective 
substituted  variants  of  SV40  were  determined.   These  variants  were  ini- 
tially detected  by  screening  for  variants  containing  monkey  DNA  sequences 
homologous  to  a  monkey  DNA  segment  found  in  a  previously  characterized 
variant.   Five  independent  new  isolates  proved  to  be  essentially  identical 
to  the  variant  obtained  previously.   The  results  suggest  that  SV40  variants 
do  not  arise  totally  at  random  but  rather  that  certain  structures  recur. 
The  close  similarity  between  these  structures  suggests  that  some  mechanism 
other  than  recombination  between  the  monkey  genome  and  the  genome  of  the 
infecting  virus  may  be  involved  in  their  formation. 

A  recombinant  "library"  of  monkey  (_C.  aethiops)  DNA  in  bacteriophage  lambda 
has  been  constructed  and  is  being  used  to  investigate  those  monkey  DNA  seg- 
ments that  occur  in  the  defective  SV40  variants. 
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Project  Description: 

Objectives : 

The  discovery  of  variants  of  simian  virus  40  (SV40)  that  are  substituted 
with  DNA  segments  derived  from  the  permissive  host  cells  (African  green  mon- 
key kidney  cells)  offer  the  opportunity  to  study  recombination  in  a  primate 
system.   It  is  the  purpose  of  this  work  to  exploit  these  variant  viral  ge- 
nomes to  study  the  mechanism  of  recombinational  processes  as  well  as  other 
aspects  of  the  interaction  of  virus  and  host.   One  important  question  about 
individual  variants  is  whether  they  represent  unique  structures  resulting 
from  chance  recombinations  or  whether  they  recur  and  thus  reflect  specific 
events  during  the  infectious  cycle.   This  year's  work  has  been  primarily 
directed  toward  answering  this  question. 

Methods  Employed: 

Standard  tissue  culture  procedures  are  used  for  the  growth  of  monkey 
kidney  cells  and  SV40.   Procedures  used  for  studying  viral  DNA  synthesis 
include  radioisotope  tracer  techniques,  preparative  and  analytical  ultra- 
centrifugation,  DNA-DNA  hybridization  both  in  solution  and  with  DNA  fixed  to 
nitrocellulose  filters,  column  chromatography,  and  selective  precipitation 
of  high  molecular  weight  DNA.   Extensive  use  is  made  of  restriction  endonuc- 
leases  and  both  preparative  and  analytical  gel  electrophoresis  for  the  ana- 
lysis and  preparation  of  DNA  fragments.   Specific  enzymatic  procedures  are 
used  for  modification  or  isotopic  labeling  of  DNA  fragments.   Primary  nuc- 
leotide sequence  determination  of  DNA  fragments  is  carried  out  by  direct 
DNA  sequencing  techniques  using  the  chemical  procedures  (methylation  and 
hydrazinolysis)  introduced  by  Maxam  and  Gilbert.   Substituted  variants  of 
SV40  containing  specific  monkey  sequences  are  detected,  isolated,  and  pu- 
rified using  In  situ  DNA-DNA  hybridization  to  monolayers  of  infected  monkey 
kidney  cells.   DNA  fragments  from  SV40  as  well  as  from  defective  variants 
are  purified  and  prepared  in  yg  quantities  by  recombinant  DNA  techniques 
using  E_.  coli  K12  cloning  systems.   Recombinant  DNA  techniques  are  also 
used  for  the  construction  and  preparation  of  molecules  containing  specific 
portions  of  the  SV40  genome  covalently  linked  to  E.  coli  plasmid  DNA.   Re- 
combinant DNA  techniques  involving  lambda  bacteriophage  as  a  vector  are 
also  used.   All  recombinant  DNA  experiments  are  carried  out  under  conditions 
required  by  the  NIH  Guidelines  for  Recombinant  DNA  Research  as  specified 
in  Intramural  Memoranda  of  Understanding  approved  by  the  NIH  Biosafety 
Committee.   All  our  work  has  been  facilitated  by  extensive  use  of  the  NIH 
computer  for  storage  and  analysis  of  nucleotide  sequence  data. 

Major  Findings: 

Last  year  we  described  new  procedures  of  the  detection  of  rare  variants 
during  a  single  cycle  of  infection  of  monkey  kidney  cells  by  SV40.   In  brief, 
the  methods  depend  on  the  detection  of  variant  viral  genomes  substituted  with 
unique  or  low  frequency  monkey  DNA  sequences  by  hybridization  with  appro- 
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priate  radioactive  probes.   Recombinant  virus  was  detected  in  infected  cell 
monolayers  by  an  infectious  center  modification  of  a  previously  described  in 
situ  plaque  hybridization  technique.   Amplification  and  recloning  of  the  re- 
sulting recombinant  viruses  was  then  accomplished  by  partitioning  the  initial 
plaque  isolates  in  miniwells.   The  DNA  fragment  used  as  a  probe  was  a  low 
reiteration  frequency  monkey  DNA  segment  present  in  a  previously  charac- 
terized host-substituted  SV40  variant.   The  fragment  is  referred  to  here  as 
fragment  C.   One  of  the  variants  detected  and  purified  by  these  procedures 
is  termed  290.   This  variant  has  now  been  characterized  as  described  below. 

New  and  independently  isolated  variants  containing  sequences  homologous 
to  fragment  C  have  also  been  isolated  by  another  procedure.   We  observed 
that  the  variant  from  which  fragment  C  was  isolated  (termed  CVP8/1/P2,  iso- 
lated some  8  years  ago  and  completely  characterized  down  to  the  nucleotide 
sequence  level  in  our  earlier  work.)  replicates  efficiently  relative  to  the 
replication  of  wild  type  virus  in  monkey  cells.   Furthermore,  the  replica- 
tive  advantage  of  CVP8/1/P2  is  increased  when  infection  is  carried  out  at 
33°  rather  than  37°.   We  then  carried  out  nine  independent  serial  passage 
experiments  at  33°  using  several  purified  wild  type  virus  stocks  to  initiate 
the  passages,  including  both  wild  type  strains  777  and  776,  as  well  as  both 
BSC-1  and  primary  African  green  monkey  kidney  cells.   In  each  passage  series 
variants  containing  sequences  homologous  to  fragment  C  were  detected.   These 
variants  were  then  purified  and  analyzed  as  described  below. 

The  same  approach  was  used  in  characterizing  the  290  variant  and  the 
variants  isolated  from  the  33°  passaging  experiments.   In  brief,  restric- 
tion endonuclease  mapping  and  hybridization  after  Southern  blotting  indi- 
cated that  the  new  variants  contained  not  only  fragment  C  but  also  SV40  DNA 
and  monkey  DNA  homologous  to  the  highly  reiterated  fraction  of  monkey  DNA 
called  a -component.   These  findings  indicated  a  high  degree  of  similarity 
to  CVP8/1/P2.   The  new  variants  were  then  purified  by  molecular  cloning 
in  E_.  coli  using  the  plasmid  vector  pBR322  and  the  cloned  fragments  were 
analyzed.   In  each  case  the  variants  proved  to  have  structures  essentially 
identical  to  that  of  CVP8/1/P2.   The  structural  similarities  include  the 
monkey  sequences  that  are  covalently  linked  to  SV40  sequences,  the  par- 
ticular SV40  segment  that  remains  in  the  variant,  and  the  arrangement  of 
these  sequences  within  the  variants.   In  the  case  of  variant  290  some  pri- 
mary nucleotide  sequence  data  was  obtained.   All  the  data  indicated  that 
290  was  identical  to  CVP8/1/P2  including  the  detailed  primary  structure  of 
the  joints  between  SV40  and  monkey  sequences. 

Variant  290,  CVP8/1/P2  and  two  of  the  variants  isolated  from  the  33° 
passaging  were  detected  in  infections  initiated  with  wild  type  strain  777 
SV40.   These  variants  contain  a  MboII  restriction  endonuclease  cleavage  site 
characteristic  of  strain  777  within  the  conserved  SV40  DNA  segments.   This 
particular  site  is  not  present  in  wild  type  variant  776.   Therefore  it  was 
striking  to  observe  that  in  the  variants  derived  from  passaging  of  strain 
776,  the  MboII  site  characteristic  of  strain  777  was  indeed  present. 
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We  have  concluded  that  variants  of  the  CVP8/1/P2  type  emerge  repeatedly 
and  independently  during  SV40  infection.   This  recurrent  emergence  of  similar 
if  not  identical  variants  suggests  that  formation  of  this  class  of  variants 
may  involve  mechanisms  other  than  a  series  of  recombinational  events  between 
infecting  virus  and  host.   In  addition  to  the  odd  fact  concerning  the  MboII 
site,  it  seems  unlikely  that  the  multiple  hypothetical  events  that  need  to 
be  postulated  if  the  variant  arises  solely  through  recombination  between 
wild  type  viral  genomes  and  the  monkey  genome  would  occur  repeatedly.   One 
possible  alternative  explanation  is  that  the  monkey  kidney  cells  contain 
a  DNA  segment  whose  structure  is  in  whole  or  in  part  that  found  in  the 
CVP8/1/P2  type  variants.   As  outlined  below,  experiments  designed  to  test 
this  hypothesis  are  already  in  progress.   Before  describing  those  experi- 
ments several  comments  must  be  made  concerning  the  above  findings.   Con- 
siderable effort  was  made  to  establish  that  the  new  isolates  did  not  reflect 
inadvertent  contamination  of  viral  stocks  or  cells  with  the  preexisting  va- 
riant CVP8/1/P2.   A  large  number  of  experiments  and  precautions  were  directed 
toward  eliminating  such  a  possibility.   The  wild  type  vital  stocks  were  ana- 
lyzed by  several  different  procedures  and  no  indication  of  such  contamination 
could  be  found.   The  CVP8/1/P2  stock  was  not  used  in  the  laboratory  during 
the  period  when  the  present  experiments  were  being  carried  out.   Six  of  the 
passage  series  leading  to  reisolation  of  the  same  type  of  defective  variants 
were  carried  out  in  another  building  of  the  NIH  using  cells,  media  and  incu- 
bators maintained  in  that  laboratory.   The  variants  were  isolated  using  two 
different  kinds  of  cells,  one  a  standard  tissue  culture  line  and  the  other 
primary  African  green  monkey  kidney  cells.   Thus  contamination  appears  an 
unlikely  explanation,  but  cannot  be  rigorously  excluded.   For  this  reason 
our  conclusions  remain  somewhat  tentative. 

As  a  first  step  toward  investigating  the  presence  and  organization 
within  the  monkey  genome  of  the  DNA  segments  found  in  the  CVP8/1/P2  type 
variants,  a  library  of  African  green  monkey  liver  DNA  in  a  lambda  bacterio- 
phage vector  was  constructed.   Monkey  liver  DNA  was  partially  digested  with 
the  restriction  endonuclease  EcoRI.   The  digest  was  carried  out  so  that  only 
a  small  portion  of  the  possible  EcoRI  sites  would  be  cleaved  and  so  that  the 
cleavages  would  be  randomized.   These  procedures  were  designed  to  yield  a 
random  assortment  of  fragments  between  15,000  and  20,000  bp  long  representing 
as  much  as  possible  of  the  total  monkey  genome.   The  length  of  the  fragments 
reflects  the  optimum  size  for  successful  insertion  into  the  lambda  vector 
charon  4A.   The  mixture  of  fragments  was  then  ligated  to  the  purified  arms 
of  the  vector  and  packaged  in  vitro  by  standard  techniques.   The  resulting 
library  was  amplified  in  E_.  coli  in  a  manner  designed  to  maximize  the  like- 
lihood that  all  possible  recombinants  would  replicate.   The  library  was  then 
screened  with  fragment  C  and  with  SV40  sequences  from  around  the  origin  of 
replication.   In  order  to  assure  the  purity  of  the  probes  used  for  screening 
they  were  previously  cloned  in  an  E.  coli-plasmid  host  vector  system.   The 
screening  provided  several  positive  plaques  and  the  lambda  in  these  plaques 
has  been  purified  by  repeated  plating  and  screening.   At  present  several 
recombinants  containing  sequences  homologous  to  sequences  near  the  SV40 
origin  of  replication  and  one  containing  sequences  homologous  to  fragment  C 
are  being  characterized. 
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Significance  to  Cancer  Research: 

SV40  is  an  oncogenic  virus.   Oncogenicity  appears  to  depend  on  recom- 
bination of  the  viral  genome  with  that  of  susceptible  host  cells,  resulting 
in  insertion  of  the  virus  into  the  genome  of  transformed  cells.   Our  studies 
deal  with  the  interaction  of  the  viral  genome  with  the  genome  of  a  permissive 
host.   These  studies  are  pertinent  to  the  nature  and  mechanism  of  viral-host 
DNA  recombination,  as  well  as  to  the  events  that  lead  to  permissive  rather 
than  transforming  infections.   Further,  it  is  now  widely  recognized  that  the 
genomes  of  RNA  tumor  viruses  contain  sequences  homologous  to  normal  host  DNA 
sequences.   Our  experiments  indicate  that  the  same  is  true  of  DNA  viruses. 

Proposed  Course  of  the  Research: 

During  the  coming  year  we  plan  to  concentrate  on  the  characterization 
of  the  lambda  recombinants  containing  monkey  sequences  homologous  to  SV40 
and  fragment  C  sequences.   We  will  map  the  segments  of  interest  in  the 
monkey  DNA  inserts  and  determine  the  extent  of  homology  by  hybridization 
and  primary  sequence  analysis.   It  is  possible  that  some  of  the  monkey  DNA 
regions  homologous  to  SV40  DNA  are  involved  in  the  response  of  host  cells 
to  viral  infection.   Experiments  designed  to  investigate  the  possible  func- 
tional significance  of  the  homologous  host  sequences  will  be  initiated. 

Publications  : 


Winocour,  E.,  Singer,  M.F.  and  Kuff,  E. :  The  rapid  detection,  isolation 
and  amplification  of  host-substituted  SV40  variants.  Cold  Spring  Harbor 
Symposium  on  Quantitative  Biology,  Vol.  44,  1979,  in  press. 

Singer,  M.F.  and  Thayer,  R.E. :   The  preferential  replication  of  a  class  of 
host-substituted  defective  simian  virus  40  variants  at  low  temperature. 
J.  Virol.,  in  press,  1980. 

Singer,  M.F.,  Kuff,  E.,  Lee,  T. ,  McCutchan,  T. ,  Papamatheakis,  J.,  Thayer, 
E.  and  Winocour,  E.:   A  recurring  SV40  variant  containing  monkey  DNA  se- 
quences.  In  "Mobilization  and  Reassembly  of  Genetic  Information",  Academic 
Press,  in  press. 

Papamatheakis,  J.,  Kuff,  E.,  Winocour,  E.  and  Singer,  M.F. :  Structure  of 
a  newly  isolated  variant  of  simian  virus  40  DNA  containing  monkey  DNA  and 
its  similarity  to  previously  isolated  variants.   J.  Biol.  Chem. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Several  recombinant  DNA  molecules  containing  portions  of  the  gene  coding  for 
avian  vitellogenin  have  been  cloned  in  phage  X   .  A  6  kb  long  fragment  contain- 
ing approximately  4  kb  of  coding  sequence  was  identified  after  total  chicken 
DNA,  subjected  to  digestion  by  the  restriction  endonuclease  Eco  Rl  was  chroma 
tographed  on  RPC-5  and  the  fragments  subsequently  analyzed  by  agarose  gel 
electrophoresis.  In  addition,  screening  of  a  chicken  DNA  library  cloned  in 
phage  X   identified  two  non-overlapping  recombinant  phage,  each  containing 
approximately  13-14  kb.  None  of  these  recombinant  phage  contain  the  mRNA  'cap- 
site'. 

Terminated  June  1980. 
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Objectives 

To  elucidate  the  mechanisms  by  which  estrogen  regulates  the  synthesis  of 
vitellogenin  and  to  examine  the  genomic  organization  of  the  vitellogenin  gene. 

Methods  Employed 

A  6  Kb  long  DNA  fragment  derived  from  digestion  of  chicken  DNA  with  the 
restriction  endonuclease  EcoRl  was  cloned  in  the  bacteriophage  vector  lambda 
WESb  lambda  gt  as  described  previously  in  project  Z01  CB  05238-10  LB.  This 
fragment  was  transferred  into  the  plasmid  PBR322. 

R-looping  studies  were  carrried  out  in  order  to  determine  the  proportion 
of  structural  and  intervening  sequences  present  in  the  cloned  fragment 

A  lambdaphage  library  containing  the  chicken  genome  was  screened  with 
cDNA  synthesized  from  hen  liver  and  also  with  alkali  fragmented,  kinased 
vitellogenin  mRNA. 

The  cloned  sequences  were  checked  for  the  presence  of  an  mRNA  cap-site 
using  the  procedures  described  in  project  Z01  CB  05250-02  LB. 

Major  Findings 

The  6000  nucleotide  Rl  fragment  when  R-looped  to  vitellogenin  mRNA  re- 
vealed the  presence  of  5  intervening  sequences.  Approximately  4000  nucleo- 
tides of  the  fragment  are  found  in  structural  sequences.  The  mRNA  hybridized 
so  that  approximately  2000  nucleotides  were  unhybridized  at  one  end  and 
approximately  1000  at  the  other.  At  the  moment  the  polarity  is  not  known. 
Screening  of  approximately  1.5  x  10^  recombinant  bactereriophage  yielded  only 
two  vitellogenin  clones.  This  was  significantly  fewer  than  would  have  been 
anticipated  from  the  size  of  the  vitellogenin  gene.  Each  of  the  two  clones 
contains  13-14  Kb  of  chicken  DNA  with  very  little  overlap.  Neither  clone 
overlaps  the  6000  nucleotide  long  Rl  fragment  cloned  in  PBR322,  suggesting 
that  the  gene  may  span  at  least  30Kb.  None  of  the  cloned  DNA  fragments  appear 
to  contain  the  vitellogenin  mRNA  cap-site. 
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Project  Description: 

Objectives:   To  understand  the  process  of  recombination  between  SV40  DNA 
and  the  DNA  of  infected  cells. 

Methods  Employed:   Cell  culture,  virus  passage,  recombinant  DNA  techniques, 
restriction  enzyme  analysis. 

Results:   Previously  we  described  an  infectious  center  assay  for  early 
detection  of  replicating  recombinants  between  plaque-purified  SV40  DNA  and 
unique  sequences  in  monkey  DNA.   In  addition,  a  microwell  partition  tech- 
nique has  permitted  amplification  and  purification  of  new  recombinants. 
Using  these  and  other  techniques,  it  has  been  found  that  a  particular  host- 
substituted  variant  of  SV40  repeatedly  recurs  upon  infection  of  monkey  cells 
with  plaque-purified  virus.   These  results  are  more  fully  described  in  the 
current  report  of  Project  Z01  CB  05234-06  (Dr.  Maxine  Singer). 

The  detection  of  unique  sequence  recombinants  depends  upon  the  avail- 
ability of  appropriate  DNA  probes.   Monkey  DNA  was  cleaved  with  endonuclease 
restriction  enzymes  Hind  III  and  Eco  RI  and  DNA  fragments  with  an  average 
size  of  2.5kb  were  randomly  inserted  in  plasmid  RR1.   DNA  from  a  number  of 
recombinants  was  prepared  and  given  to  E.  Winocour  for  possible  use  as 
unique  sequence  probes. 

Proposed  Course  of  Research: 

Additional  studies  of  the  interaction  between  SV40  DNA  and  monkey 
sequences  are  not  planned.   Rather,  we  intend  to  construct  recombinants 
between  SV40  DNA  and  cloned  mouse  A-particle  genes  and  to  study  the  biolo- 
gical properties  of  these  recombinants  upon  transfection  of  mouse  cells. 
In  particular,  we  will  ask  whether  the  transforming  activity  of  SV40  DNA 
is  enhanced  by  linkage  to  an  extensively  reiterated  segment  of  mouse  DNA 
carrying  terminal  repeating  sequences. 

Publications: 

Winocour,  E. ,  Singer,  M.F.,  and  Kuff,  E.L.   Rapid  detection,  isolation 
and  amplification  of  host-substituted  SV40  variants.   Cold  Spring  Harbor 
Symp.  Quant.  Biol.,  in  press,  Vol.  44,  1980. 

Singer,  M.F.,  Kuff,  E.L. ,  Lee,  T.N.H. ,  McCutchan,  T.F. ,  Papamatheakis,  J. 
and  Thayer,  R.E.   A  recurring  SV40  variant  containing^ monkey  DNA  sequences. 
Miami  Winter  Sympos. ,  in  press,  1980. 

Papamatheakis,  J.D. ,  Kuff,  E.L. ,  Winocour,  E.  and  Singer,  M.F.   Structure 
of  a  newly  isolated  variant  of  Simian  Virus  40  DNA  containing  monkey  DNA 
and  its  similarity  to  previously  isolated  variants.   J.  Biol.  Chem.  in 
press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Chromatin  has  been  prepared  from  nuclei  isolated  from  livers  of  normal  and 
estrogen-treated  roosters  by  a  gentle  procedure.   This  chromatin  is  active 
in  transcription  utilizing  its  endogenous  RNA  polymerase  II.   In  addition, 
transcription  by  this  chromatin  of  the  vitellogenin  and  albumin  genes  closely 
mirrors  the  transcriptional  patterns  found  _in  vivo.   We  have  subjected  this 
chromatin  to  increasing  levels  of  KC1  and  have  analyzed  the  proteins  that  are 
removed  by  this  treatment  and  we  have  measured  the  effects  of  salt  washes  on 
specific  transcription. 
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Objectives 

In  a  previous  study  we  showed  that  nuclei  and  chromatin  isolated  from 
livers  of  normal  and  estrogen-treated  roosters  transcribe  the  vitellogenin 
and  albumin  genes  in  a  manner  that  reflects  the  i_n  vivo  levels  of  expression 
of  these  genes.   We  have  subsequently  sought  to  analyze  some  of  the  components 
involved  in  specific  transcription.   This  work  includes  studies  of  the  effects 
of  salt  washing  of  chromatin  on  specific  transcription. 

Methods  Employed 

Chromatin  was  prepared  as  described  [Mullinix  e_t  al.  JBC  254:  9860 
(1979)].   The  chromatin  was  then  subjected  to  an  increasing  gradient  of  KC1 
washes  during  which  time  the  chromatin  was  exposed  to  a  specific  level  of 
KC1  on  ice  for  10  minutes  and  centrifuged.   The  supernatant  solution  was 
collected  and  the  pellet  was  washed  and  resuspended  in  transcription  medium. 
The  proteins  in  the  supernatant  solution  were  analyzed  by  SDS-PAGE.   RNA 
polymerase  levels  in  supernatant  solutions  were  measured  by  the  ^H-amanitin 
binding  assay  [Kastern  et  al.  JBC  254:  7368  (1979)].   In  addition,  supernatant 
solutions  from  the  various  washes  were  assayed  for  the  presence  of  nicking- 
closing  enzyme  by  measuring  conversion  of  Form  1  SV40  DNA  to  the  relaxed  form 
after  SV40  DNA  was  incubated  with  the  supernatant  solutions.   The  chromatin 
itself  was  allowed  to  direct  the  synthesis  of  RNA,  utilizing  the  endogenous, 
chromatin-associated  RNA  polymerase  II.   Synthesis  of  vitellogenin  and  albumin 
RNAs  was  monitored  by  hybridization  of  the  transcripts  to  filter-bound  cloned 
DNA  that  contained  portions  of  the  albumin  and  vitellogenin  genes. 


Major  Findings 

Chromatin  that  was  subjected  to  increasing  concentrations  of  KC1,  up  to 
1.2  M,  was  active  in  transcription  at  a  level  comparable  to  that  found  in 
the  control.   Thus,  exposure  of  chromatin  to  relatively  high  concentrations 
of  KC1  does  not  result  in  a  decrease  in  activity  of  the  endogenous,  chromatin- 
bound  RNA  polymerase.   In  addition,  we  have  shown  that  salt  washing  does 
not  result  in  the  removal  of  RNA  polymerase  II  from  the  chromatin,  since  we 
have  subjected  the  supernatants  of  the  washed  chromatin  pellets  to  a  ^H-aman- 
itin  binding  assay  [Kastern,  Eldridge,  Mullinix,  JBC  254:  7368  (1979)]  and 
have  established  that  no  RNA  polymerase  II  is  present  in  these  solutions. 

Analysis  of  the  supernatant  solutions  by  SDS-PAGE  has  shown  that  approximately 
30%  of  the  chromatin-associated  proteins  are  removed  by  washing  chromatin  with 
KC1  in  a  step-wise  fashion  in  concentrations  up  to  0.8  M  KC1.   These  protein 
subunmits  range  in  size  from  16,000  daltons  to  180,000  daltons,  with  some  pro- 
tein subunits  being  eluted  at  discrete  concentrations  of  KC1.   Interestingly, 
we  have  found  that  at  a  concentration  of  0.35  M  KC1,  75%  of  the  chromatin- 
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associated  nicking-closing  enzyme  has  been  removed.   In  spite  of  this  removal 
of  large  amounts  of  normally  present  nicking-closing  enzyme,  the  rate  of 
transcription  is  relatively  unchanged.   We  have  pursued  this  approach  as  an 
easy  first  step  in  the  purification  of  large  amounts  of  chicken  nicking-clos- 
ing enzyme. 

The  percentage  of  total  transcripts  from  the  vitellogenin  and  albumin  genes  in 
chromatin  isolated  from  nuclei  from  livers  of  estrogen-treated  roosters  fell 
slightly  after  exposure  of  chromatin  to  0.35  M  KC1,  as  would  be  expected  if 
salt  washing  leads  to  aberrant  termination.   It  could  be  expected  that  this 
aberrant  termination  could  occur  via  read-through  of  a  termination  site  due 
to  the  removal  of  some  specific  chromatin  protein  necessary  for  correct  term- 
ination.  The  level  of  alteration  of  specific  transcription  is  low,  however, 
compared  to  controls  (about  10-15%)  and  its  significance  is  difficult  to  inter- 
pret.  It  will  be  necessary  to  examine  transcription  in  this  system  by  hybrid- 
ization of  transcripts  to  smaller  DNA  fragments  specific  for  the  3 '-ends  of  the 
genes  and  for  flanking  sequences. 

Significance  to  Cancer  Research 

The  elucidation  of  mechanisms  that  control  biosynthetic  processes  is 
crucial  to  understanding  cancer.   Study  of  the  means  by  which  estrogen  influ- 
ences RNA  synthesis  will  help  determine  how  RNA  synthesis  is  controlled. 
The  study  of  vitellogenin  mRNA  synthesis  in  rooster  liver  has  the  great 
advantage  that  we  can  study  the  expression  of  a  normally  dormant  gene  in  a 
differentiated  tissue  that  has  the  capability  of  synthesizing  RNA  of  a  very 
large  number  of  types. 

Proposed  Course  of  Research 

Further  study  of  chromatin  to  determine  the  components  necessary  for 
specific  transcription  requires  utilization  of  genomic  fragments  containing 
the  portions  of  the  genes  of  interest  that  encode  both  the  5'  and  3'  ends  of 
the  mRNAs.   This  is  because,  in  addition  to  analyzing  the  effects  of  salt 
washing  on  termination  or  on  read  through  into  the  5'  end  of  the  message,  we 
plan  to  add  exogenous  nuclear  lysates  [Kastern,  Eldridge  and  Mullinix,  JBC 
1254:  7368  (1979)]  to  attempt  to  achieve  specific  initiation  of  transcription 
of  estrogen-responsive  genes  in  chromatin  from  nuclei  isolated  from  the 
livers  of  normal  roosters.   Current  efforts  are  concentrated  on  isolation 
and  characterization  of  DNA  sequences  that  correspond  to  the  areas  of  the 
genes  required  for  this  analysis. 

Publications 

Mullinix,  K.P.,  and  Goldberger,  R.F.:   Specific  transcription  of  vitellogenin 
and  albumin  RNA  in  chromatin  from  the  livers  of  normal  and  estrogen-treated 
roosters.   In  Steroids  and  Their  Mechanisms  of  Action  in  Non-Mammalian  Ver- 
tabrates.   Raven  Press,  1979,  In  Press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Monomeric  and  Dimeric  units  of  the  tandem  repeats  of  the  highly  reiterated 
DNA  of  the  African  green  monkey  (C_.  aethiops)  called  ct-component  have  been 
cloned  in  an  E_.  coli  plasmid  system.   The  primary  nucleotide  structure  of 
several  such  units  has  been  determined.   No  two  repeat  units  that  have  been 
sequenced  are  identical  indicating  that  a-component  is  made  up  of  a  large 
number  of  slightly  different  but  closely  related  sequences.   In  addition, 
fragments  of  the  monkey  genome  of  about  17,000  base  pairs  in  length  have 
been  cloned  in  a  lambda  system.   The  "library"  was  screened  for  segments 
containing  a-component.   Analysis  of  a  selected  group  of  the  recombinant 
bacteriophage  by  restriction  endonuclease  digestion  and  hybridization 
reveals  that  no  two  are  alike.   Some  of  the  cloned  segments  are  largely 
repeats  of  a-component  monomer.   Other  clones  have  stretches  of  non  a- 
component  sequence  attached  to  the  highly  repeated  sequence. 
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Project  Description: 

Objectives : 

To  elucidate  further  the  detailed  structure  and  organization  of  the 
highly  repeated  set  of  DNA  sequences  in  the  genome  of  the  African  green  mon- 
key (Cercopithecus  aethiops).   This  set  of  sequences  is  referred  to  as  the 
a-component  and  represents  approximately  20  percent  of  the  genome.   Our 
earlier  work  showed  that  the  several  million  copies  of  the  172  base  pair 
long  sequence  that  occur  in  the  monkey  genome  constitute  a  set  of  segments 
of  very  similar  primary  structure.   Earlier  work  had  also  indicated  that 
many  of  the  copies  of  the  a-component  monomer  unit  (172  base  pairs  in  length) 
are  present  in  long  tandem  repeats  within  the  monkey  genome  and  that  se- 
quences homologous  to  a-component  are  also  interspersed  with  unrelated  se- 
quences in  the  genome.   A  primary  nucleotide  sequence  representing  the  most 
frequent  nucleotide  at  each  of  the  172  positions  in  the  set  of  ct-component 
monomers  has  been  determined.   Our  goal  now  is  to  learn  something  about  the 
number  of  different  members  of  the  set,  the  relative  frequency  of  different 
members,  the  arrangement  of  the  different  members  of  the  set  relative  to 
one  another  and  to  other  DNA  sequences  within  the  genome,  and  the  way  in 
which  these  sequences  are  packaged  into  chromatin  structure.   We  are  also 
interested  in  investigating  the  occurrence  of  related  or  similar  sequences 
in  other  mammals. 

Methods  Employed: 

DNA  is  isolated  from  fresh  frozen  tissue  and  from  cells  grown  in  tissue 
culture  and  purified  by  standard  procedures.   Structural  analysis  includes 
the  use  of  a  variety  of  enzymes,  including  restriction  endonucleases,  direct 
DNA  sequencing  methods  (chemical  procedure  of  Maxam  and  Gilbert),  radioiso- 
tope tracers,  gel  electrophoresis,  and  centrifugation.   A  variety  of  nucleic 
acid  hybridization  techniques,  both  in  solution  and  on  nitrocellulose  are 
used.   DNA  fragments  are  purified  and  amplified  by  molecular  cloning  in 
_E.  coli  K12  host-vector  systems.   All  recombinant  DNA  experiments  are  carried 
out  under  conditions  required  by  the  NIH  Guidelines  for  Recombinant  DNA  Re- 
search as  specified  in  Intramural  Memoranda  of  Understanding  approved  by  the 
NIH  Biosafety  Committee. 

Major  Findings: 

During  the  past  year  we  have  taken  two  approaches  to  the  problem  of 
understanding  the  complexity  of  the  ct-component  sequences. 

First,  we  have  studied  the  primary  sequence  of  a  small  group  of  monomer 
repeat  units  chosen  at  random.   Purified  single  monomer  units  were  obtained 
by  cloning,  in  the  E.  coli  plasmid  vector  pBR322,  a  mixture  of  a-coraponent 
monomer  fragments  obtained  from  digestion  of  total  African  green  monkey  DNA 
with  the  restriction  endonuclease  Hindlll.   Recombinant  clones  were  selected 
on  the  basis  of  their  ability  to  hybridize  with  a-component.   Selected  re- 
combinants were  purified  and  the  plasmids  were  isolated  and  characterized 
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initially  by  restriction  endonuclease  digestion.   This  analysis  indicated 
that  some  of  the  cloned  a-coraponent  monomers  had  primary  sequences  different 
from  that  of  the  average  sequence  we  had  previously  determined.   Thus  new 
restriction  endonuclease  sites  appeared  in  some  of  the  cloned  segments  and 
expected  sites  were  missing  in  others.   The  cloned  a-component  monomers  in 
four  of  the  recombinants  have  now  been  subjected  to  sequence  analysis.   Each 
of  the  four  has  a  different  sequence  and  all  are  different  from  the  average 
sequence  determined  previously.   Three  differ  from  the  average  sequence  in 
between  four  and  seven  base  pairs.   The  fourth  is  similar  to  the  average 
sequence  for  about  70  base  pairs  and  then  begins  to  diverge  markedly.   The 
divergence  includes  base  pair  changes  and  also  extensive  deletions  of  por- 
tions of  the  average  sequence.   The  cloned  fragment  contains  only  150  base 
pairs,  not  the  usual  172.   This  work  confirms  our  earlier  conclusion  that 
a-component  is  made  up  of  a  large  number  of  different  but  closely  related 
sequences. 

We  have  also  prepared  recombinant  molecules  in  which  dimeric  units  of 
a-component  are  cloned  in  pBR322.   The  dimeric  molecules  differ  from  the  most 
common  a-component  repeat  units  by  lacking  the  Hindlll  site  that  generally 
occurs  once  in  each  repeat.   The  primary  sequence  of  the  dimer  sequences  is 
also  being  determined. 

Our  second  approach  is  designed  to  elucidate  the  way  in  which  different 
a-component  monomers  are  arranged  in  the  monkey  genome  relative  to  other 
monomers  and  to  other  monkey  DNA  sequences.   For  this  purpose  we  have  con- 
structed a  library  of  the  monkey  genome  in  the  bacteriophage  lambda.   Seg- 
ments of  the  monkey  genome  between  15,000  and  20,000  base  pairs  long  were 
generated  by  a  process  designed  to  randomize  most  of  the  monkey  genome. 
These  segments  were  then  linked  to  the  arms  of  the  lambda  vector  charon  4A 
and  packaged,  in  vitro,  into  phage  particles.   The  phage  were  then  amplified 
in  a  manner  designed  to  enhance  the  likelihood  that  the  final  collection  of 
phage  would  represent  most  of  the  original  recombinants.   The  library  was 
screened  for  plaques  that  hybridize  with  a-component.   Approximately  0.7 
percent  of  the  plaques  gave  a  strong  hybridization  signal  with  a  ^^P-labeled 
a-component  probe.   On  a  random  basis,  and  considering  that  about  15  to  20 
percent  of  the  total  genome  is  acomponent,  it  can  be  calculated  that  the 
expected  percent  would  be  of  the  order  of  15.   The  discrepancy  between  what 
was  observed  and  the  calculated  value  suggests  that  there  are  very  long 
tandem  stretches  of  a-component  that  contain  no  EcoRI  site  at  all  and  would 
therefore  not  occur  in  the  library.   The  data  are  consistent  with  those 
stretches  including  almost  90%  of  the  total  a-component  in  arrays  containing 
100  or  more  copies  of  the  172  base  pair  monomeric  unit.   Twelve  of  the  re- 
combinant phage  have  been  subjected  to  more  extensive  analysis  by  restric- 
tion endonuclease  digestion  and  hybridization  of  the  resulting  fragments 
a-component  probe.   The  results  obtained  thus  far  indicate  that  no  two  of  the 
inserted  monkey  segments  are  the  same.   Each  yields  a  distinctive  restriction 
endonuclease  pattern.   Several  of  them  contain,  in  addition  to  a-component 
sequence,  other  monkey  sequences  and  thus  provide  material  for  studying 
the  genomic  joints  between  highly  repetitive  sequences  and  other  monkey  se- 
quences. 
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Significance  to  Cancer  Research: 

Cancer  research  has  suffered  from  the  lack  of  basic  knowledge  about  the 
eukaryote  genome  at  the  molecular  level.   Methods  developed  during  the  last 
few  years  have  already  demonstrated  their  power  to  deal  with  this  vast  and 
important  unknown.   The  work  we  are  doing  is  part  of  the  broad  effort  to 
apply  new  approaches  to  the  elucidation  of  complex  genomes.   In  particular, 
we  are  concentrating  on  the  surprisingly  large  amount  of  primate  DNA  included 
in  the  highly  repeated  sequences  of  yet  unknown  function.   With  increased 
understanding  of  DNA  organization,  especially  in  primates,  existing  informa- 
tion and  new  data  on  neoplastic  disease  may  become  more  amenable  to  rigorous 
analysis  and  understanding. 

Future  Course  of  the  Research: 

1.  The  structural  analysis  of  cloned  a-component  monomers,  dimers,  and 
higher  multimers  will  continue  in  an  effort  to  build  up  extensive  data  on 
these  sequences. 

2.  We  will  analyze  further  the  a-coraponent  containing  segments  cloned 
in  the  lambda  library.   The  work  will  concentrate  on  isolating  and  analyzing 
those  non  a-component  DNA  segments  that  are  joined  to  a-component  sequences 
in  the  monkey  genome. 

3.  We  plan  to  resume  work  designed  to  detect  and  analyze  sequences  in 
non-primate  mammals  that  are  homologous  to  a-component. 

Publications: 

Singer,  D.S.:  Arrangement  of  a  highly  repeated  DNA  sequence  in  the  genome 
and  chromatin  of  the  African  green  monkey.  J_.  Biol.  Chem.  254:  5506-5514, 
1979. 

Singer,  D.S.  and  Donehower,  L. :   Highly  repeated  DNA  of  the  baboon:  Organi- 
zation of  sequences  homologous  to  highly  repeated  DNA  of  the  African  green 
monkey.   J.  Mol.  Biol.  134:  835-842,  1979. 

Thayer,  R.E.:  An  improved  method  for  detecting  foreign  DNA  in  plasmids  of 
Escherichia  coli.   Anal.  Biochem.  98:  60-63,  1979. 
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The  collaboration  is  terminated. 


Publication; 

Miller,  J.S.,  Ricciarde,  R.P. ,  Roberts,  B.R. ,  Paterson,  B.M.  and  Mathews, 
M.B.:  The  arrangement  of  messenger  RNAs  and  protein  coding  sequences  in  the 
major  late  transcription  units  of  adenovirus-2.   J^.  Mol.  Biol. ,  in  press. 
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Project  Description: 

Objectives  : 

The  goal  of  our  research  is  to  contribute  to  an  understanding  of  the 
ways  in  which  the  genes  of  an  organism  are  arranged  and  of  the  molecular 
mechanisms  involved  in  the  expression  of  genetic  information.   The  yeast 
Saccharomyces  cerevisiae  was  chosen  as  a  model  system  for  this  project 
because  extensive  genetic  studies  have  been  carried  out  with  yeast  and 
because  yeast  has  a  relatively  small  genome.   While  yeast  is  a  relatively 
simple  eukaryotic  organism,  it  has  many  molecular  biological  properties 
similar  to  those  of  higher  organisms  and  not  found  in  prokaryotes.   Thus, 
yeast  provides  a  relatively  simple  system  for  studying  eukaryotic  gene 
organization  and  expression  at  the  molecular  level. 

Methods  Employed: 

Recombinant  DNA  techniques  are  being  used  to  clone  individual  yeast 
genes  or  groups  of  genes.   The  structure  of  these  genes  are  then  determined 
by  restriction  enzyme  mapping,  DNA  sequence  analysis  and  RNA  mapping  using 
hybridization  and  electron  microscopy.   Fully  characterized  clones  are 
employed  as  probes  to  study  in  vivo  gene  expression  and  as  templates  for  in 
vitro  experiments  to  reproduce  in  vivo  results.   Transcription  products  are 
analyzed  by  RNA  sequence  analysis,  gel  electrophoresis,  hybridization  and 
RNA  mapping  techniques. 

Major  Findings  : 

1)  In  order  to  examine  individual  yeast  genes,  a  "library"  of  random 
fragments  of  yeast  DNA  recombined  into  bacteriophage  A  was  constructed.   This 
library  was  then  screened  with  messenger  RNA  from  yeast  cells  grown  in  media 
with  either  high  or  low  phosphate  concentration.   Several  clones  which  con- 
tain sequences  homologous  only  to  RNA  from  the  phosphatedeprived  yeast  were 
obtained.   These  clones  have  been  identified  as  carrying  genes  for  a  repres- 
sible  acid  phosphatase  found  in  yeast.   The  transcribed  regions  in  each 
cloned  DNA  fragment  have  been  identified  by  hybridization  of  restriction 
digests  to  cDNA  from  low-Pi  RNA  and  by  electron  microscope  r-loop  analysis. 
In  addition,  the  homologous  regions  between  the  genes  have  been  mapped  by 
heteroduplex  analysis. 

Different  yeast  strains  have  been  compared  and  found  to  have  different 
numbers  of  the  repressible  acid  phosphatase  genes.   Several  of  these  dif- 
ferent genes  have  been  cloned  to  examine  their  structure. 

2)  DNA  from  a  region  of  the  yeast  ribosomal  RNA  genes  was  inserted 
into  a  bacterial  plasmid  carrying  the  E.  coli  galactose  kinase  gene.   Plas- 
mids  containing  yeast  rDNA  which  acts  as  a  promoter  for  E.  coli  RNA  polymer- 
ase were  obtained.   In  vitro  transcription  of  the  plasmids  revealed  specific 
initiation  sites. 
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Significance  to  Cancer  Research: 

An  understanding  of  the  molecular  mechanisms  involved  in  gene  expres- 
sion will  be  necessary  to  understand  the  processes  by  which  a  cell  loses 
its  genetic  regulation  and  becomes  cancerous.   This  project  is  designed  to 
determine  some  of  the  normal  mechanisms  of  gene  expression  and  regulation 
as  a  basis  for  identifying  the  changes  which  have  occurred  at  the  molecular 
level  in  malignant  cells.   Knowledge  of  these  changes  should  provide  valuable 
information  in  the  development  of  cancer  prevention  and  treatment  programs. 

Proposed  Course  of  Research: 

1.  Further  studies  of  the  expression  of  yeast  rDNA  in  IS.  coli  will  be 
carried  out  in  parallel  with  a  detailed  examination  of  rRNA  synthesis  in 
yeast.   This  will  provide  information  about  nucleic  acid  recognition  sites 
for  initiation  and  termination  of  transcription  as  well  as  RNA  processing 
and  about  the  conservation  or  divergence  of  these  sites  during  evolution. 

2.  Fragments  of  yeast  DNA  will  be  inserted  into  a  bacterial  plasmid  carry- 
ing the  E.  coli  galactose  genes,  and  the  resulting  plasmids  will  be  examined 
for  the  expression  of  these  genes  in  E_.  coli  using  transcription  initiation 
sites  in  the  yeast  DNA.   These  plasmids  will  then  be  inserted  into  yeast 
cells  to  determine  if  the  same  initiation  sites  are  used.   The  use  of  this 
system  will  provide  a  relatively  simple  and  efficient  method  for  examining 
transcription. 

3.  The  cloned  yeast  repressible  acid  phosphatase  genes  will  be  used  as 
probes  to  study  ^n  vivo  transcription  under  high  and  low  phosphate  concen- 
tration.  These  experiments  will  provide  information  about  the  regulatory 
mechanisms  involved  in  the  adaptation  of  the  yeast  cells  to  the  low-phos- 
phate medium.   The  clones  can  then  be  used  to  study  the  transcription  jLn 
vitro  to  identify  the  regulatory  elements  which  control  the  expression  of 
these  genes. 

4.  The  differential  screening  technique  used  to  isolate  genes  induced  by 
low  phosphate  will  be  used  to  clone  genes  expressed  under  other  metabolic 
conditions.   The  regulatory  mechanisms  of  these  genes  will  then  be  examined 
in  a  manner  similar  to  those  employed  for  the  phosphatase  genes. 

Publications : 

Kramer,  R.A  and  Andersen,  N. :   Isolation  and  characterization  of  low-phos- 
phate induced  genes  of  yeast.   Proc.  Nat.  Acad.  Sci.  USA,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords 

We  have  developed  a  procedure  for  isolating  DNA-dependent  RNA  polymerase  frot^ 
rooster  liver  nuclei  that  involves  treatment  of  nuclei  with  pancreatic  DNAse 
I  to  partially  solubilize  chromatin.  The  enzyme  thus  obtained  is  completely 
dependent  on  the  addition  of  exogenous  DNA  for  activity.  We  have  developed  a 
technique  for  identifying  RNA  polymerase  II  in  nuclear  lysates  by  binding 
JH^a-amanitin  to  the  polymerase  and  subsequently  subjecting  the  proteins  to 
electophorese  in  polyacrylimide  gels  under  non-denaturing  conditions.  By  this; 
method  we  have  identified  two  ot-amanitin  binding  proteins,  tenatively  ident- 


ified as  two  forms  of  RNA  polymerase  II.  Unpurified  preparations  of  RNA  poly-j- 
raerase  II  prepared  in  this  manner  had  the  ability  to  transcribe  SV40  DNA 
asymmetrically  in  the  region  of  the  origin  of  replication. 
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Objectives 

Our  group  has  been  involved  in  studies  aimed  at  the  in  vitro  reconsti- 
tution  of  a  eukaryotic  transcription  system  utilizing  RNA  polymerase  II,  the 
enzyme  responsible  for  mRNA  synthesis.  To  this  end,  we  are  conducting  several 
studies  into  the  structure  of  the  RNA  polymerase  molecule  as  well  as  an  in- 
vestigation into  the  mechanisms  involved  in  the  initiation  of  transcription. 

Methods  Employed 

The  RNA  polymerase  is  isolated  from  avian  liver,  an  organ  which  is  rich 
in  RNA  polymerase  II,  by  a  technique  we  have  developed  to  insure  gentle  con- 
ditions for  release  of  the  enzyme  from  the  chromatin.  The  technique  involves 
the  incubation  of  a  nuclear  lysate  with  DNAse  I  coupled  to  Sepharose  4B.  Pre- 
sumably, the  DNAse  I  digests  transcriptionally  active  regions  of  the  chroma- 
tin, liberating  the  RNA  polymerase,  while  coupling  the  DNAse  to  an  insoluable 
support,  such  as  Sepharose  4B,  allows  a  quick  and  efficient  removal  of  the 
DNAse  following  the  digestion.  The  resulting  RNA  polymerase  II  activity  is 
2-3  fold  more  active  than  similar  preparations  isolated  by  more  conventional 
methods. 

Studies  aimed  at  the  regulation  of  transcription  initiation  involve  stan- 
dard techniques  of  hybridizing  radioactive  transcripts  synthesized  in  vitro 
to  restriction  fragments  of  SV40  DNA  which  have  been  blotted  to  nitrocellulose 
filters  by  the  technique  devised  by  Southern  and  co-workers.  In  this  fashion, 
we  can  locate  the  point  at  which  the  initiation  of  transcription  takes  place 
on  the  SV40  DNA  template. 

Examination  of  the  effects  of  estrogen  on  transcriptional  activity  in 
rooster  liver  was  performed  by  treating  DNAse  I-sepharose  digested  nuclear 
lysates  with  a  radioactive  form  of  the  fungal  toxin,  amanitin.  Since  this 
toxin  binds  stoichiometrically  to  RNA  polymerase  II,  it  is  useful  in  titrating 
the  amounts  of  that  enzyme. 

Major  Finding 

After  isolation  of  the  RNA  polymerase  II  from  the  liver  nuclei  using 
the  DNAse  I-Sepharose  method,  we  find  that  the  enzyme  preparation  is  more 
active  transcriptionally  and  it  contains  more  RNA  polymerase  II  molecules 
as  seen  by  -^H-amanitin  binding  when  compared  with  a  similar  preparation  ob- 
tained by  more  conventional  methods.  We  have  also  followed  the  RNA  polymerase 
II  content  in  avian  liver  by  titration  with  ^H-amanitin  and  compared  the 
amounts  before  and  after  stimulation  with  and  during  withdrawal  from  estrogen. 
The  results  indicate  that  the  actual  RNA  polymerase  II  content,  as  well  as 
the  RNA  polymerase  II  activity,  doubles  during  estrogen  stimulation  and  re- 
turns to  normal  during  withdrawal.  The  mechanisms  involved  in  this  type  of 
regulation  are  as  yet  not  understood. 

In  studies  directed  towards  obtaining  transcriptional  specificity,  we 
have  chosen  to  avoid  the  drastic  manipulations  required  for  complete  purifi- 
cation of  the  enzyme  because  we  believe  that  this  would  inevitably  result  in 
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loss  of  transcriptional  fidelity.  When  an  unpurified  preparation  of  RNA  poly- 
merase II  is  used  to  transcribe  superhelical  SV40  DNA,  the  results  indicate 
that  the  preparation  has  the  ability  to  transcribe  asymmetrically  the  proper 
strands  of  both  the  early  and  late  regions  of  the  genome.  Since  initial  pur- 
ification steps  result  in  the  loss  of  this  specificity,  we  believe  that  com- 
ponents of  the  unpurified  nuclear  fraction  are  necessary  cofactors  for  RNA 
polymerase  II  specificity.  Current  studies  involve  an  attempt  to  localize  the 
region  of  transcription  initiation  and  an  isolation  of  the  cofactor(s)  necess- 
ary for  these  critical  events. 

The  unpurified  RNA  polymerase  II  preparations  were  also  tested  for  their 
ability  to  initiate  transcription  in  the  proper  region  of  the  SV40  genome. 
SV40  DNA  was  digested  with  various  restriction  enzymes  and  subjected  to  elect- 
rophoresis on  agarose  gels  to  yield  a  pattern  of  bands,  one  of  which  contained 
the  origin  of  replication.  Hybridization  of  radioactive  transcripts  synthe- 
sized in  vitro  to  blots  of  these  gels  demonstrated  that  the  region  containing 
the  origin  of  replication  was  transcribed  preferentially  to  all  other  regions 
of  the  genome.  Thus, the  nuclear  extract  had  the  ability  to  recognize  the  pro- 
per region  for  the  initiation  of  transcription.   Current  studies  involve 
an  attempt  to  localize  the  region  of  transcription  initiation  and  an  isola- 
tion of  the  co  factor(s)  necessary  for  these  for  these  critical  events. 

Significance  to  Cancer  Research 

We  are  primarily  Interested  in  studying  the  control  of  gene  expression, 
an  aspect  of  gene  expression  that  is  of  primary  importance  in  cancer,  a  de- 
crease in  which  regulatory  processes  become  aberrant.  By  constructing  an  _in 
vitro  transcription  system  whereby  we  can  study  specific  gene  expression,  we 
can  elucidate  some  of  the  components  necessary  for  correct  regulation  of  tran- 
scription. Recent  evidence  suggesting  that  primary  transcription  products  are 
large  molecules  requiring  many  "processing"  steps  support  our  earlier  judg- 
ment that  SV40  is  an  ideal  model  system  in  which  to  study  RNA  synthesis  since 
it  is  one  of  hte  few  DNA  molecules  whose  in  vivo  gene  products  have  been  ana- 
lyzed in  sufficient  detail  that  we  can  predict  the  structures  of  correct  RNA 
molecules  synthesized  in  vitro. 

Proposed  Course  of  Research 

We  intend  to  pursue  our  studies  of  the  transcription  of  SV40  DNA  by 
rooster  liver  DNA-dependent  RNA  polymerase  II.  Specifically,  we  have  de- 
veloped a  method  of  liquid  hybridization  of  RNA  synthesized  in  vitro  to 
various  SV40  restriction  fragments  in  order  to  more  precisely  measure  the 
locations  of  initiation  of  synthesis  of  RNA  molecuJ.es  on  the  SV40  chromo- 
some. It  is  essential  to  establish  conditions  such  that  the  products  of 
in  vitro  transcription  reactions  faithfully  reflect  the  in  vivo  products. 

Publications 

Kastern,  W.H. ,  Eldridge,  I.D. ,  and  Mullinix,  K.P.:  Isolation  and  character- 
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ization  of  DNA-dependent  RNA  polymerase  II  from  rooster  liver.  Abst.  Annual 
Meeting  of  Soc.  for  Cell  Biology,  Vol.  79:  353a. 

Kastern,  W.H.  Eldrige,  J.D.  and  Mullinix,  K.P.:  DNAse  I  digestion  of  chrom- 
atin from  avian  liver  nuclei  liberates  DNA-dependent  RNA  polymerase  II:  Iso- 
lation of  RNA  polymerase  II  by  the  DNAse  I-Sepharose  digestion.  J.  Biol.Chem. 
254:  7368  (1979). 

Kastern,  W.H. ,  Stanchfield,  J.E. ,  Eldrige,  J.D. ,  and  Mullinix,  K.P.:  In  vitro 
transcription  of  SV40  DNA  by  nuclear  extracts  form  avian  liver.  J. Cell  Biol. 
83:  406a  (1979). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  work  described  herein  consists  of  the  molecular  cloning  of  the  avian 
apoVLDL  II  gene.  The  gene  has  been  cloned  in  the  lambdaphage  vector  Charon 
_4a,  together  with  several  thousand  nucleotides  of  flanking  sequence.  It  has 
been  demonstrated  that  this  gene  is  not  normally  expressed  in  roosters  and 
that  following  administration  of  estrogen  there  is  a  qualitative  change  in 
the  apoprotein  composition  of  very  low  density  lipoprotein,  resulting  in 
a  polypeptide  profile  undistinguishable  form  that  of  the  hen. 

Terminated  June  1980 


84 


PHS-6040 
sv.  IO-76) 


Z01  CB  05249-03  LB 


Project  Description: 

Objectives 

Molecular  cloning  of  genes  that  are  estrogen  responsive  in  rooster  liver 
and  which  are  highly  expressed  following  treatment  with  the  hormone. 

Methods  Employed 

A  library  of  recombinant  bacteriophage  (Charon  4a)  containing  fragments 
of  chicken  DNA  approximately  15,000  nucleotides  long  was  screened  with  cDNA 
synthesized  form  total  hen  liver  RNA.  A  vast  excess  of  rooster  liver  RNA  was 
used  it  suppress  hybridization  to  all  clones  except  those  containing  estrogen 
responsive  genes. 

Clones  containing   hormonally  responsive  genes  were  identified  by 
hybridization  with  characterized,  cloned  cDNA  sequences.  These  cDNA  have 
been  used  to  purify  individual  mRNA  species  by  chromatography  on  DNA-diaz- 
otized  cellulose  columns.  Indentities  of  the  cloned  genes  have  been  esta- 
blished both  by  in  vito  translation  of  purified  mRNA  and  immunological 
characterization  of  the  protein  produced  and,  from  a  comparison  of  nucleotide 
and  amino  acid  sequences. 

Major  Findings 

Previous  work  carried  out  under  project  number  Z01  CB  05249-02  LB  re- 
sulted in  the  isolation  of  recombinant  plasmids  containing  DNA  fragments 
derived  from  a  small  abundant  mRNA,  present  in  the  livers  of  hens  and  estro- 
gen-treated roosters  but  undetectable  in  the  livers  of  normal  roosters.  The 
identity  of  this  mRNA  species  was  established  by  purification  of  the  mRNA  and 
immunological  characterization  of  its  translation  product.  The  polypeptide 
it  specifies  is  immunologically  indistinguishable  from  a  major  component  of 
avian  VLDL,  and  apoVLDL  II.  A  comparison  of  the  nucleotide  sequence  of  one  of 
the  cloned  DNA  fragments  and  the  amino  acid  sequence  of  the  apoVLDL  peptide 
confirmed  the  identity  of  the  mRNA.  These  results  indicate  that  one  of  the 
major  effects  of  estrogen  or  gene  expression  in  rooster  liver  is  to  induce 
a  qualitative  change  in  the  apoprotein  composition  of  very  low  density  lipo- 
protein. 

Screening  of  a  genomic  DNA  library  has  resulted  in  the  isolation  of  iso- 
lation of  three  clones  containing  all  or  part  of  the  apoVLDL  gene.  The  DNA 
fragments  contained  in  the  recombinant  bacteriophages  span  a  region  of  the 
chicken  genome  of  approximately  27  Kb.  This  region  encompasses  the  apoVLDL  II 
gene  and  includes  several  thousand  nucleotides  on  either  side  of  the  gene  it- 
self. Utilizing  a  technique  developed  under  project  number  Z01  CB  05250-02  LB, 
the  approximate  location  of  the  'cap-site1  of  the  apoVLDL  II  gene  has  been 
determined.  The  regions  around  the  apoVLDL  II  gene  are  being  examined  with 
a  view  to  detecting  other  expressed  genes  and  with  the  intention  of  detecting 
repeated  sequences  in  this  region. 
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Proposed  Course  of  Research 
Terminated  June  2,  1980. 
Publications 
None. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  work  described  herein  consists  of  the  molecular  cloning  of  the  avian 
serum  albumin  gene.  The  albumin  gene  has  been  cloned  in  the  lambdophage 
vector  Charon  4a.  Two  clones  have  been  isolated  which  overlap  by  approx- 
imately 85%.  Both  clones  appear  to  contain  the  3'  end  of  the  gene  and  also 
the  mRNA  cap-site.  A  procedure  has  been  developed  that  allows  the  rapid  lo- 
cation of  mRNA  cap-sites  in  cloned  DNA  fragments. 
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Objectives: 

1.  To  develop  procedures  for  the  purification  of  albumin  mRNA  using  a 
cloned  cDNA  probe  attached  to  diazotized  cellulose. 

2.  To  develop  a  general  procedure  for  detecting  and  locating  mRNA  'cap- 
sites'  in  cloned  genomic  DNA  fragments. 

3.  To  isolate  the  chicken  serum  albumin  gene  by  molecular  cloning. 

Methods  Employed 

A  lambdaphage  library  containing  the  chicken  genome  was  screened  with 
cDNA  synthesized  form  total  RNA  isolated  from  rooster  liver.  The  library  was 
constructed  by  D.  Engel,  and  T.  Maniatis.  Screening  was  carried  out  under 
conditions  such  that  only  genes  specifying  abundant  mRNA  species  would  be 
detected.  This  subset  of  clones  was  analyzed  further  by  hybridization  with 
cDNA  synthesized  from  purified  albumin  mRNA.  The  albumin  mRNA  was  prepared 
from  total  polyadenylated  RNA  from  rooster  liver  by  chromatography  or  an 
albumin  cDNA-cellulose  column  as  described  previously  in  project  Z01  CB  05250- 
02  LB.  Clones  containing  the  'cap-site'  of  the  serum  albumin  gene  have  been 
identified  by  hybridization  with  mRNA  labeled  selectively  at  the  5'  end. 

Major  Findings 

Screening  of  approximately  10^  recombinant  bacterophage  yielded  two 
clones  containing  the  serum  albumin  gene.  The  inserted  region  was  approxi- 
mately 11-12  Kb  in  each  case.  The  cloned  fragments  overlapped  to  the  extent 
of  85%.  Both  were  shown  to  contain  the  3'  end  of  the  gene  by  hybridization 
with  'short'  serum  albumin  cDNA.  Albumin  mRNA,  was  chemically  'decapped'  with 
sodium  periodate  and  aniline  and  recapped  by  incubation  with  the  enzyme 
guanylytransf erase,  a   P-^GTP  and  s-adenosyl  methionine.  Since  this  enzyme 
requires  a  triphosphate  or  pyrophosphate  acceptor,  internal  breaks  in  the 
mRNA  resulting  form  the  decapping  procedure  are  not  labeled.  The  5'  labeled 
mRNA  was  used  as  a  hybridization  probe  to  detect  all  DNA  fragments  containing 
structural  gene  sequences,  in  a  standard  Southern  hybridization  procedure. 
After  the  nitrocellulose  blot  had  been  suitably  exposed  it  was  treated  with 
pancreatic  ribonuclease  A  under  high  salt  conditions.  Only  the  DNA  fragment 
containing  the  'cap-site'  protected  the  labeled  portion  of  the  mRNA  from 
digestion.  Re-exposure  of  the  ribonuclease  treated  blot  revealed  which  of  the 
DNA  fragments  contained  the  'cap-site'.  Using  this  type  of  analysis  it  has 
been  possible  to  demonstrate  that  both  serum  albumin  clones  contain  the  cap- 
site  of  the  gene.  The  method  has  been  employed  in  a  similar  fashion  to  locate 
the  'cap-site'  of  the  apoVLDL  II  gene. 


88 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  CB  05251-02  LB 


PERIOD  COVERED 


October  1,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Structure  and  Transcription  of   the  Ribosomal  Genes   in  Drosophila   melanogaster 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 


E.  0.  Lons 


Visiting  Fellow 


LB  NCI 


Others:   I.  B.  Dawid  Chief,  Developmental  Biochemistry  Section   LB  NCI 

M.  L.  Rebbert  Chemist  LB  NCI 

B.  Wood  Lab.  Worker  LB  NCI 

W.  Dimery  Biological  Lab.  Technician  LB  NCI 


COOPERATING  UNITS  (if  any) 

Mary  M.  Collins  and  Barry  I.  Kiefer,  Department  of  Biology, 
Wesleyan  University 


LAB/BRANCH 


Laboratory  of   Biochemistry 


Developmental   Biochemistry   Section 


institute  and  location  NCI>    NIH)    Bethesda,    Maryland  20205 


TOTAL  MANYEARS: 


1.7 


PROFESSIONAL: 


1.1 


CHECK  APPROPRIATE  BOX(ES) 
□  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   Q  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Three  aspects  of  the  structure  and  expression  of  ribosomal  RNA  genes 
in  Drosophila  melanogaster  have  been  studied.   First,  the  expression 
of  genes  interrupted  by  type  1  insertions  in  bobbed  mutant  flies  was 
studied;  we  found  that  these  genes  are  not  effectively  expressed  in 
the  mutant.   Second,  we  have  obtained  the  primary  sequence  of  the 
region  around  the  initiation  of  transcription  of  rRNA  precursors  in 
several  interrupted  and  uninterrupted  genes.   Third,  we  have  studied 
the  structure  and  expression  of  ribosomal  RNA  genes  interrupted  by 
type  2  insertions. 
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Project  Description: 

Objectives : 

We  have  found  previously  that  rRNA  genes  in  D_.  melanogaster  interrupted 
by  type  1  insertions  are  not  effectively  transcribed  in  wild  type  animals. 
We  asked  whether  these  genes  might  be  transcribed  in  bobbed  mutants  which 
lack  a  fraction  of  their  rRNA  genes.   Since  interrupted  genes  are  not  tran- 
scribed we  investigated  possible  mechanisms  of  this  inactivation.   The 
primary  sequence  of  the  region  of  initiation  of  transcription  was  deter- 
mined to  check  whether  uninterrupted  and  interrupted  rRNA  genes  show  a 
consistent  sequence  difference. 

While  type  1  insertions  are  the  most  common  insertions  in  rDNA  we 
have  found  previously  that  about  15%  of  all  repeats  are  interrupted  by 
different  sequences  that  was  identified  as  type  2.   The  properties  of 
type  2  insertions  were  investigated  in  more  detail. 

Methods  Employed: 

Bobbed  flies  of  different  genotypes  were  obtained  in  a  collaboration 
with  M.  Collins  and  B.  Kiefer.   The  RNA  from  these  flies  was  extracted, 
separated  on  agarose  gels,  transferred  to  diazobenzyloxymethyl  paper  and 
hybridized  with  subcloned  DNA  fragments  derived  from  type  1  insertions. 

A  library  of  Drosophila  melanogaster  DNA  in  a  lambda  vector  was 
generously  provided  by  D.  Hogness.   From  this  library  we  selected  several 
recombinant  phages  containing  rRNA  genes  with  and  without  type  1  inser- 
tions.  The  region  corresponding  to  the  point  of  initiation  of  transcrip- 
tion of  the  rRNA  precursor  was  isolated  and  sequenced  by  the  method  of 
Maxam  and  Gilbert. 

Ribosomal  RNA  genes  interrupted  by  type  2  insertions  were  selected 
from  the  same  library  mentioned  above.   The  DNA  fragments  obtained  were 
analyzed  by  restriction  endonuclease  analysis  and  heteroduplex  mapping  in 
the  electron  microscope.   A  small  fragment  representing  part  of  a  type  2 
insertion  was  subcloned  in  the  plasmid  pBR322,  and  was  used  to  analyze 
the  representation  of  these  sequences  in  genomic  DNA  and  in  total  RNA  from 
.D.  melanogaster. 

Major  Findings: 

Bobbed  flies  which  lack  a  portion  of  their  rRNA  genes  still  do  not 
effectively  transcribe  their  interrupted  rRNA  genes.   Transcripts  of  type 
1  insertions  were  found  in  very  low  quantities  in  some  bobbed  flies,  while 
certain  genotypes  (particularly  those  containing  the  carnation  chromosome) 
contained  larger  amounts  of  insertion  transcripts.   These  transcripts, 
however,  are  too  small  to  act  as  rRNA  precursors.   We  conclude  that  rRNA 
genes  interrupted  by  type  1  insertions  are  inactive  even  when  the  organisms 
is  under  pressure  by  having  insufficient  numbers  of  active  rRNA  genes. 


90 


Z01  CB  05251-02  LB 

The  primary  sequence  around  the  position  from  which  the  51  end  of  the 
rRNA  precursor  is  transcribed  was  obtained  from  several  cloned  rDNA  repeats. 
Three  uninterrupted  repeats  had  the  same  sequence  in  this  region.   Three 
genes  interrupted  by  a  5  kb  type  1  insertions  also  had  the  same  sequence; 
one  other  gene  interrupted  by  such  an  insertion  and  one  uninterrupted  gene 
had  a  nucleotide  change  in  this  region.   We  conclude  that  sequence  changes 
in  the  initiation  region  alone  cannot  account  for  the  inactivity  of  inter- 
rupted rRNA  genes. 

Type  2  insertions  were  analyzed  in  cloned  fragments  and  found  to  occur 
in  at  least  three  size  classes.   These  three  classess  share  some  of  their 
sequences.   Essentially  all  sequences  homologous  to  a  fragment  from  the 
type  2  insertion  occur  in  the  genome  within  the  rDNA  cluster.   This  con- 
trasts type  1  insertions  which  are  homologous  to  sequences  present  in  the 
chromocenter.   Ribosomal  genes  interrupted  by  type  2  insertions  are  not 
effectively  transcribed  and  do  not  contribute  significantly  to  rRNA  produc- 
tion. 

Significance  to  Cancer  Research: 

The  regulation  of  expression  of  interrupted  genes  is  a  basic  question 
to  cellular  metabolism  in  all  animal  cells.   Drosophila  rDNA  is  a  particu- 
larly interesting  object  of  study  in  this  context  because  it  is  the  only 
group  of  gene  known  in  which  some  members  are  interrupted  while  others  are 
not. 

Proposed  Course  of  Research: 

We  shall  extend  our  studies  on  rDNA  structure  and  expression.   We  pro- 
pose to  sequence  selected  regions  from  rDNA  to  test  some  hypotheses  about 
the  possible  origin  of  interrupted  genes.   We  propose  to  use  mutant  flies 
to  analyze  certain  phenomena  like  gene  magnification  in  Drosophila.   We 
also  will  attempt  to  obtain  a  reconstructed  system  that  would  allow  cell 
free  transcription  of  rDNA. 

Publications : 


Long,  E.O.  and  Dawid,  I.B.:   Transcription  of  Drosophila  melanogaster  ribo- 
somal genes:  are  the  insertions  transcribed?   In  "Eukaryotic  Gene  Regula- 
tion", I CN-UCLA  Symposium  (T.  Maniatis,  R.  Axel,  eds.),  pp. 153-160,  1979. 

Long,  E.O.  and  Dawid,  I.B.:   Restriction  analysis  of  spacers  in  ribosomal 
DNA  of  Drosophila  melanogaster.   Nucleic  Acids  Res.  7:  205-215,  1979. 

Long,  E.O.  and  Dawid,  I.B. :   Expression  of  ribosomal  DNA  insertions  in 
Drosophila  melanogaster.   Cell  18:  1185-1196,  1979. 

Long,  E.O.  and  Dawid,  I.B. :   Alternative  pathways  in  the  processing  of 
ribosomal  RNA  precursor  in  Drosophila  melanogaster.  ^J.  Mol.  Biol.  138: 
873-878,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  shown  earlier  that  a  group  or  repeated  sequences  which  are 
homologous  to  the  ribosomal  DNA  insertion  occur  in  the  chromocentric 
heterochromatin  of  Drosophila  melanogaster.   Several  cloned  DNA 
fragments  have  been  isolated  which  contain  regions  homologous  to  the 
insertion  interspersed  with  other  DNA  sequences  called  flanking  sequences. 
We  have  shown  that  some  of  the  insertion-like  sequences  occur  in  tandem 
repeats  within  the  chromocenter.   An  analysis  of  several  flanking  sequences 
showed  that  some  are  transcribed  into  heterogeneous  nuclear  RNA.   The 
chromosomal  location  of  flanking  sequences  is  being  studied  in  different 
strains  and  species  of  Drosophila. 
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Project  Description: 

Objectives : 

Drosophila  melanogaster  is  an  excellent  model  for  the  study  of  gene 
arrangement  and  expression  because  of  its  small  genome,  and  the  acces- 
sibility of  the  organism  to  genetic  and  cytogenetic  techniques.   We  are 
presently  studying  the  arrangement  and  expression  of  sequences  related  to 
the  ribosomal  DNA  insertion  in  this  organisms. 

Methods  Employed: 

We  have  described  previously  a  collection  of  recombinant  DNA  molecules 
that  contain  segments  homologous  to  the  ribosomal  DNA  insertion  linked  to 
nonhomologous  DNA  regions  called  flanking  sequences.   DNA  prepared  from 
these  recombinant  plasmids  was  analyzed  by  restriction  enzyme  analysis, 
heteroduplex  mapping  in  the  electron  microscope  and  cross  hybridization. 
RNA  from  Drosophila  embryos  was  hybridized  with  different  DNA  probes  after 
separation  in  agarose  gels  and  transfer  to  diazobenzyloxymethyl  paper.   To 
study  the  arrangement  of  flanking  sequences  in  the  genome  we  digested  total 
Drosophila  DNA  with  different  restriction  enzymes,  separated  the  DNA  on 
agarose  gels,  transferred  the  fragments  to  nitrocellulose  filters  and  hybri- 
dized the  filters  with  different  flanking  sequences.   In  another  approach 
RNA  was  copied  from  flanking  sequences  using  E_.  coli  RNA  polymerase  and  this 
RNA  was  hybridized  to  salivary  gland  giant  chromosomes. 

Major  Findings: 

The  arrangement  of  insertion-like  sequences  in  cloned  chromocentric 
DNA  fragments  was  studied  in  some  detail.   One  cloned  sequence  has  been 
found  which  contains  portions  of  four  repeating  elements  homologous  to  the 
ribosomal  insertion.   These  elements  are  arranged  in  tandem,  and  all  are 
homologous  to  but  not  identical  with  the  ribosomal  insertion.   One  of  these 
insertion-like  elements  in  interrupted  by  a  nonhomologous  sequence  of  about 
3.5  kb.   Like  other  flanking  sequences  which  are  interspersed  with  insertion- 
like elements  this  nonhomologous  sequence  is  a  middle  repetitive  sequence. 
A  second  cloned  DNA  fragment  was  analyzed  which  contained  two  repeating  units 
of  insertion-like  elements,  but  several  other  cloned  DNA  fragments  contained 
only  a  single  such  element. 

Different  flanking  sequences  hybridize  with  a  large  array  of  restric- 
tion fragments  in  the  Drosophila  genome.   This  shows  that  the  individual 
elements  vary  in  restriction  pattern  and  also  that. they  have  different 
neighbors.   When  DNA  from  different  strains  of  p_.  melanogaster  was  tested 
we  found  that  the  pattern  of  bands  homologous  to  flanking  sequences  varied 
among  the  strains.   This  suggests  that  flanking  sequences  are  subject  to 
frequent  rearrangements,  to  rapid  evolution  changing  their  restriction 
patterns,  or  both. 
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The  chromosomal  location  of  some  flanking  sequences  has  been  studied 
in  collaboration  with  Mary  Lou  Pardue  at  MIT.   One  flanking  sequence  has 
been  found  which  is  represented  only  in  the  chromocenter.   A  second  se- 
quence occurs  in  the  chromocenter  and  in  seven  euchromatic  sites;  all  of 
these  sites  differ  in  the  I),  melanogaster  strain  gt-1  as  compared  to  strain 
gt-Xll.   This  result  strongly  suggests  that  this  sequence  is  subject  to 
rearrangements  during  evolution. 

Significance  to  Cancer  Research: 

Inasmuch  as  cancer  is  thought  to  involve  a  failure  of  basic  cellular 
regulatory  processes  we  need  to  understand  in  much  more  detail  the  structural 
basis  and  molecular  mechanism  of  these  processes.   The  organization  and  ex- 
pression of  the  genome  in  animal  cells  is  a  subject  of  central  importance  in 
the  analysis  of  regulatory  processes  during  growth,  development  and  evolu- 
tion.  As  mentioned  above  Drosophila  melanogaster  is  a  particularly  suited 
organism  for  the  study  of  genome  organization  and  function. 

Proposed  Course  of  Research: 

A  more  detailed  cytogenetic  analysis  of  repeated  DNA  sequences  related 
to  the  ribosomal  DNA  insertion  will  be  carried  out.   Different  strains  of 
p_.  melanogaster  and  different  species  of  Drosophila  will  be  compared.   We 
will  test  whether  insertion-like  and  flanking  sequences  have  properties 
associated  with  transposable  elements.   We  also  propose  to  initiate  new 
studies  on  DNA  sequencecs  of  probable  biological  importance  in  Drosophila. 

Publications : 

Dawid,  I.B.  and  Long,  E.O. :   Ribosomal  DNA  and  related  sequences  in 
Drosophila  melanogaster.   In  "Alfred  Benzon  Symposium  XIII",  Munsgaard, 
Kopenhagen,  pp. 103-114,  1978. 

Dawid,  I.B. ,  Lauth,  M.  and  Wellauer,  P.K. :   Repetitive  DNA  elements 
related  to  the  ribosomal  insertion  of  Drosophila  melanogaster.   In 
"Mobilization  and  Reassembly  of  Genetic  Information",  Miami  Winter 
Symposium  16"  (eds.  Scott,  W.R.,  et  al. ),  Academic  Press,  New  York, 
1980,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  Xenopus  laevis ,  vitellogenin  which  is  synthesiged  in  the  liver 
under  control  of  estrogen  is  encoded  in  a  small  family  of  genes. 
Two  of  the  vitellogenin  genes  together  with  long  stretches  of  their 
flanking  regions  have  been  isolated  from  a  Xenopus  gene  library. 
The  structural  organization  of  these  two  genes  has  been  determined 
by  electron  microscopy.   In  both  genes,  the  mRNA  coding  sequence  is 
interrupted  33  times  by  sequences  (introns )  not  present  in  mature 
vitellogenin  mRNA. 
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Project  Description: 

Objectives : 

Isolation  of  the  genomic  sequences  containing  the  vitellogenin  genes 
and  characterization  of  the  structural  organization  of  the  genes  and  of  the 
gene  family. 

Methods  Employed: 

A  Xenopus  gene  library  was  screened  with  vitellogenin  cDNA  clones  using 
the  rapid  in  situ  plaque  hybridization  procedure  of  Benton  and  Davis.   The 
method  allows  screening  for  single  copy  sequences  in  a  complex  genome  like 
the  Xenopus  genome.   DNA  from  clones  containing  vitellogenin  genomic  se- 
quences prepared  and  characterized  by  mapping  the  restriction  sites  of 
several  endonucleases  and  by  analysis  in  the  electron  microscope  of  R-loop 
molecules  formed  between  vitellogenin  mRNA  and  genomic  vitellogenin  DNA 
sequences  and  of  heteroduplex  molecules  formed  between  different  clones 
earring  homologous  sequences. 

Major  Findings: 

From  the  analysis  of  vitellogenin  cDNA  clones,  we  had  concluded  that 
in  Xenopus  laevis  vitellogenin  is  encoded  in  a  small  family  of  related  genes. 
Two  groups  of  genes  (A  and  B)  could  be  identified  which  differ  by  about  20% 
of  their  nucleotides  in  the  mRNA  coding  regions.   Each  group  has  at  least 
two  closely  related  members  (Al  and  A2  or  Bl  and  B2)  which  differ  from  each 
other  by  about  5%  sequence  divergence  in  the  coding  parts. 

The  characterization  of  two  large  sets  of  overlapping  genomic  clones 
demonstrated  that  we  had  isolated  the  two  A  genes  (Al  and  A2)  in  their 
entirety  together  with  stretches  of  flanking  regions.   The  Al  gene  has  a 
length  of  21  kb  and  the  A2  gene  a  length  of  16  kb  but  both  of  them  produce 
a  functional  mRNA  of  6.3  kb.   The  structural  organization  of  the  two  A  genes 
has  been  studied  by  electron  microscopy.   The  mRNA  coding  region  of  both 
genes  is  interrupted  33  times  at  homologous  positions  by  sequences  not  pre- 
sent in  functional  mRNA.   The  mean  exon  (coding  sequence)  length  is  175  bp 
in  both  gene  Al  and  A2  and  the  mean  intron  (non  coding  region)  length  is 
450  bp  and  310  bp  in  genes  Al  and  A2,  respectively.   The  results  suggest 
that  these  two  genes  are  the  products  of  the  duplication  of  an  ancestral 
gene  which  had  a  structural  organization  similar  to  the  present  genes. 
After  the  duplication  event,  the  sequence  and  length  of  the  analogous 
introns  has  changed  rapidly,  whereas  the  exons  were  more  conserved  and 
diverged  only  by  about  5%  of  their  nucleotides.   These  observations  suggest 
different  mechanisms  of  evolution  for  exons  and  introns.   The  exons  evolved 
mostly  by  point  mutations;  the  introns,  however,  evolved  primarily  by  occur- 
rence of  deletion,  insertion  and  duplication  events  in  their  sequences. 
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Significance  to  Cancer  Research: 

In  Xenopus,  the  small  family  of  vitellogenin  genes  is  expressed  under 
the  control  of  estrogen.   Forms  of  cancer  are  probably  the  result  of  the 
action  of  steroids  on  gene  expression  or  of  the  loss  of  hormonal  control  on 
gene  activity.   Vitellogenesis,  by  its  features,  is  a  good  model  system  to 
investigate  mechanisms  of  hormonal  regulated  gene  expression  whose  malfunc- 
tion may  produce  cancer  as  indicated  above. 

Proposed  Course  of  Research: 

Work  will  continue  on  the  isolation,  characterization  and  organization 
of  members  of  the  vitellogenin  gene  family.   The  mechanisms  involved  in 
their  expression  will  be  studied  in  reconstituted  transcription  systems. 

Publications: 

Wahli,  W.  and  Dawid,  I.B.:  Isolation  of  two  closely  related  vitellogenin 
genes  including  their  flanking  regions  from  a  Xenopus  laevis  gene  library. 
Proc.  Natl.  Acad.  Sci.  U.S.A.  77:  1437-1441,  1980. 

Felber,  B.K. ,  Maurhofer,  S. ,  Jaggi,  R.B.,  Wyler,  T. ,  Wahli,  W.  Ryffel,  G.U. 
and  Weber,  R. :   Isolation  and  in  vitro  translation  of  four  related  vitello- 
genin mRNAs  of  estrogen  stimulated  Xenopus  laevis.   Eur.  J^.  Biochem.  105: 
17-24,  1980. 

Wahli,  W. ,  Dawid,  I.B.,  Wyler,  T. ,  Weber,  R.  and  Ryffel,  G.U. :  Comparative 
analysis  of  the  structural  organization  of  two  closely  related  vitellogenin 
genes  in  Xenopus  laevis.   Cell  20:  107-117,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  previously  constructed  a  cDNA  library  derived  from  RNA  of  Xenopus 
laevis  embryos.   This  library  has  been  used  to  compare  the  abundance  of 
about  200  RNA  species  in  different  developmental  stages  and  cellular 
fractions  of  X.  laevis.   Developmental  profiles  for  these  RNA  species 
were  obtained. 
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Project  Description: 

Objectives : 

The  analysis  of  developmental  expression  of  a  large  set  of  genes  that 
are  active  in  embryogenesis  is  the  goal  of  this  project.   The  structure  and 
functional  regulation  of  a  number  of  genes,  and  the  cellular  distribution 
and  function  of  their  products  will  be  studied. 

Methods  Employed: 

The  construction  of  cDNA  libraries  from  two  stages  of  embryonic  de- 
velopment of  Xenopus  laevis  has  been  described  previously.   We  have  used 
a  set  of  clones  from  these  libraries  to  analyze  the  distribution  of  RNA 
molecules  homologous  to  them  by  the  use  of  the  method  of  Grunstein  and 
Hogness  as  modified  by  Thayer. 

Major  Findings: 

A  set  of  860  clones  containing  cDNA  sequences  derived  from  stage  10 
and  stage  41  X.  laevis  embryos  were  analyzed  by  colony  hybridization.   Among 
these,  about  250  clones  gave  a  positive  signal  in  the  filter  hybridization 
method  with  at  least  one  of  the  different  RNA  preparations  that  were  used. 
The  "negative"  clones  contained  cDNA  homologous  to  rare  RNAs  that  failed 
to  give  a  detectable  signal.   The  sensitivity  of  our  method  is  about  0.05% 
of  the  poly(A)  containing  RNA.   Thus,  the  analysis  is  restricted  to  so- 
called  middle-abundant  RNA  sequences.   Using  calibrations  with  known  RNAs 
we  divided  the  signals  obtained  from  different  clones  into  three  intensity 
classes.   This  classification  was  used  to  catalogue  the  responses  of  the 
various  clones  to  RNA  from  different  stages  of  development  and  from  different 
cellular  fractions. 

The  main  conclusions  of  these  experiments  are  as  follows.   Gastrula 
poly(A)  RNA  contains  relatively  few  middle-abundant  RNA  species,  but  some  of 
these  are  of  rather  high  abundance,  exceeding  1%  of  the  total  poly(A)  RNA. 
At  later  stages,  a  larger  number  of  middle-abundant  RNA  can  be  detected,  but 
none  is  as  abundant  as  the  major  gastrula  RNAs.   Polysomal  RNA  differs  from 
nonpolysomal  RNA  of  all  stages  in  the  distribution  of  different  sequences. 
Polysomal  RNA  populations  of  different  stages  are  quite  similar  to  each 
other,  and  so  are  non-polysomal  populations.   Individual  RNA  species  were 
identified  that  showed  various  kinds  of  developmental  behavior.   The  latter 
observation  will  be  the  basis  for  more  detailed  studies  on  some  of  these 
sequences  in  the  future. 

Significance  to  Cancer  Research: 

The  aim  of  the  project  is  a  better  understanding  of  developmental  regu- 
lation of  gene  activity.  More  information  on  this  subject  will  be  important 
for  an  understanding  of  the  biological  basis  of  cancer. 
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Proposed  Course  of  Research: 

A  selected  group  of  clones  showing  different  developmental  behavior 
will  be  studied  in  more  detail.   Such  studies  will  include  an  analysis  of 
the  properties  of  the  individual  RNAs ,  their  translation  in  cell  free  system, 
the  isolation  and  characterization  of  the  genomic  sequences  coding  for  them, 
and  attempts  to  transcribe  the  genes  in  vitro. 

Publications: 

Dworkin,  M.B.  and  Dawid,  I.B. :   Construction  of  a  cloned  library  of  expressed 
embryonic  gene  sequences  from  Xenopus  laevis.   Develop.  Biol.  76:  435-448, 
1980. 

Dworkin,  M.B.  and  Dawid,  I.B.:   Use  of  a  cloned  library  for  the  study  of 
abundant  poly(A)+  RNA  during  Xenopus  laevis  development.   Develop.  Biol.  76: 
449-464,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Our  previous  work  has  shown  that  mitochondrial  DNA  (mtDNA)  encodes  a 
set  of  nine  poly(A)  containing  RNA  molecules  which  are  probably  mRNAs. 
Experiments  were  carried  out  to  investigate  the  _in  vitro  translation 
of  these  mRNAs. 


Terminated  December  1979. 
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Project  Description: 
Objectives : 

The  mitochondrial  genome  in  animals  is  quite  small  and  can  encode  a 
limited  number  of  products.   In  Xenopus  it  is  known  that  two  rRNAs,  a  set 
of  tRNAs  and  a  set  poly(A)  containing  RNA  molecules  are  produced  under  the 
direction  of  mtDNA.   The  objectives  of  this  project  was  to  develop  a  cell 
free  translation  system  in  which  we  could  test  the  coding  capacity  of  dif- 
ferent poly(A)  containing  RNAs  from  mitochondria. 

Methods  Employed: 

We  employed  several  cell  free  translation  systems.   These  included  the 
reticulocyte  lysate,  wheat  germ  extract,  extract  from  E_.  coli,  and  extracts 
from  Xenopus  mitochondria.   The  first  three  systems  were  used  according  to 
standard  procedures  but  also  after  supplementing  them  with  tRNA  isolated  from 
Xenopus  mitochondria.   The  mitochondrial  extract  was  prepared  by  lysis  of 
mitochondria  with  Triton  X-100  and  clarification  of  the  lysate  by  centrifuga- 
tion  at  12,000  rpm  for  15  min. 

An  antiserum  was  prepared  in  rabbits  against  cytochrome  c  oxidase  which 
had  been  purified  earlier  from  Xenopus  mitochondria.   Sera  were  collected 
from  rabbits  at  various  times  after  immunization.   The  sera  were  tested  for 
their  ability  to  bind  radioiodinated  cytochrome  c  oxidase.   A  preparation  of 
inactivated  Staphylococcus  aureus  was  used  to  bind  the  antigen-antibody  com- 
plex. 

Major  Findings: 

The  cell  free  translation  systems  from  reticulocytes,  wheat  germ  and  E_. 
coli  functioned  well  with  control  mRNA  preparations.   Crude  mitochondrial 
RNA  from  Xenopus  ovaries  stimulated  the  incorporation  of  35S-methionine 
into  polypeptides  which  formed  a  set  of  distinct  bands  on  SDS-polyacrylamide 
gels.   However,  a  similar  set  of  bands  was  found  after  stimulation  of  pro- 
tein synthesis  in  vitro  with  cytoplasmic  RNA  from  the  ovary,  suggesting  that 
the  active  mRNAs  in  the  preparation  may  be  cytoplasmic  contaminants  rather 
than  mitochondrial  RNA.   This  supicion  was  varified  by  the  finding  that  mito- 
chondrial RNA  that  had  been  purified  by  hybridization  to  cloned  mtDNA  did  not 
act  as  messenger  in  these  systems.   The  hybrid-isolated  RNA  was  intact  as 
verified  by  gel  electrophoresis  followed  by  transfer  to  DBM  paper  and  hybri- 
dization with  mtDNA. 

The  antisera  produced  against  cytochrome  c  oxidase  were  active  in 
binding  the  antigen.   Therefore,  we  tested  whether  immunologically  recog- 
nizable fragments  of  cytochrome  c  oxidase  might  be  produced  in  the  cell 
free  translation  systems.   Small  positive  signals  were  obtained  but  they 
were  not  sufficient  to  allow  the  identification  of  the  specific  RNA  that 
codes  for  oxidase  subunits. 
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Attempts  to  obtain  an  active  protein  synthetic  system  from  mitochondria 
were  not  successful  after  varying  a  number  of  constituents  of  the  system. 
Several  other  laboratories  had  also  experienced  difficulties  in  establishing 
a  protein  synthesizing  system  from  mitochondria. 

These  observations  may  be  explained  by  the  findings  in  other  labora- 
tories which  indicate  that  mitochondria  use  a  somewhat  different  code  in 
protein  synthesis  than  bacteria  or  the  cytoplasm.   It  therefore  appears  rea- 
sonable that  hybrid  systems  should  not  work.   A  second  point  concerns  the  5' 
ends  of  mitochondrial  mRNAs.   These  molecules  do  not  seem  to  be  capped  and 
we  did  not  succeed  in  attempts  to  cap  them  in  vitro.   It  is  known  that  eu- 
karyotic  cytoplasmic  systems  are  not  efficient  in  using  uncapped  mRNAs. 

Significance  to  Cancer  Research: 

Mitochondrial  function  and  replication  is  an  important  aspect  of  cell 
biology.   The  modification  of  such  functions  in  tumor  cells  has  been  sug- 
gested in  many  systems.   Therefore,  a  more  detailed  understanding  of  mito- 
chondrial biogenesis  should  make  an  important  contribution  to  cancer  re- 
search. 

Proposed  Course  of  Research: 

Terminated. 

Publications : 

Rastl,  E.  and  Dawid,  I.B.:   Expression  of  the  mitochondrial  genome  in 
Xenopus  laevis:  A  map  of  transcripts.   Cell  18:  501-510,  1979. 

Dawid,  I.B.  and  Rastl,  E.:   Structure  and  evolution  of  animal  mitochondrial 
DNA.   In  "Extrachromosomal  DNA",  ICN-UCLA  Symposium,  Academic  Press,  New 
York,  pp.  395-407,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  genes  which  control  nitrogen  fixation  in  Klebsiella  pneumoniae  strain 
M5al  have  been  isolated  and  analyzed  using  recombinant  DNA  techniques.   The 
isolated  genes  have  been  used  to  study  the  arrangement  and  expression  of  nif 
genes  in  M5al  and  other  Klebsiella  strains. 
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Project  Description: 

Objectives : 

The  goal  of  this  research  is  to  elucidate  the  molecular  mechanisms 
involved  in  regulation  of  the  expression  of  the  genes  involved  in  nitrogen 
fixation  in  bacteria.   This  process  is  thought  to  involve  many  genes  (nif 
genes)  which  are  coordinately  controlled  by  a  number  of  different  physio- 
logical parameters  such  as  ammonia  concentration,  molybdenum  concentration, 
oxygen  partial  pressure,  glutamine  synthetase,  cyclic  nucleotides,  and 
interaction  of  nitrogen-fixing  bacteria  with  eukaryotic  plant  cells.   This 
project  is  designed  to  reveal  novel  mechanisms  of  genetic  regulation. 

Methods  Employed: 

Recombinant  DNA  techniques,  restriction  enzyme  analysis  and  nucleic 
acid  hybridization  techniques  are  being  used  to  map  nif  genes  and  their  RNA 
transcripts  on  Klebsiella  DNA,  and  to  compare  Klebsiella  pneumoniae  strain 
M5al  nif  genes  with  genes  in  other  strains.   DNA  sequence  analysis,  in  vitro 
transcription,  and  DNA-protein  binding  studies  will  be  used  in  future  work 
to  elucidate  the  molecular  mechanisms  involved  in  regulation  of  nif  RNA  syn- 
thesis. 

Major  Findings: 

Segments  of  K.  pneumoniae  M5al  chromosomal  DNA  which  collectively  con- 
tain all  of  the  nif  genes  have  been  cloned  in  E_.  coli  using  the  plasmid 
pBR322  as  a  vector.   These  recombinant  plasmids  provide  an  abundant  source 
of  nif  DNA  for  detailed  molecular  studies.   Many  different  restriction 
enzymes  have  been  used  to  analyze  the  cloned  segments  and  thereby  construct 
a  detailed  physical  map  of  the  cloned  nif  region.   The  cloned  segments 
have  been  used  in  hybridization  experiments  with  DNA  prepared  from  other 
Klebsiella  strains  found  in  clinical  and  environmental  settings.   Our  ini- 
tial results  indicate  that  the  structure  of  the  nif  region  is  very  similar 
in  Nif+  strains  from  different  sources,  whereas  Nif"  K.   pneumoniae  strains 
contain  little  or  no  homologous  DNA.   We  have  also  shown  in  preliminary 
studies  that  the  cloned  genes  can  be  used  to  identify  mRNA  molecules  tran- 
scribed in  vivo  from  nif  genes  in  strain  M5al.   These  studies  have  shown 
that  at  least  some  of  the  nif  operons  are  regulated  at  the  level  of  tran- 
scription. 

Significance  to  Cancer  Research: 

An  understanding  of  the  molecular  mechanisms  involved  in  gene  expres- 
sion will  be  necessary  to  understand  the  processes  by  which  a  cell  loses 
its  genetic  regulation  and  becomes  cancerous.   This  project  is  designed  to 
determine  part  of  the  normal  mechanisms  of  gene  expression  and  regulation 
as  a  basis  for  identifying  the  changes  which  have  occurred  at  the  molecular 
level  in  malignant  cells.   Knowledge  of  these  changes  should  provide  valuable 
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information  in  the  development  of  cancer  prevention  and  treatment  progams. 
The  principal  organism  used  in  these  studies,  Klebsiella  pneumoniae,  is  a 
human  pathogen  which  frequently  causes  life-threatening  infections  in  de- 
bilitated individuals,  including  some  cancer  patients.  This  project  will 
provide  information  about  the  genetic  regulation  of  a  major  metabolic  path- 
way which  occurs  in  Klebsiella  pneumoniae  under  anaerobic  conditions,  and 
will  thereby  contribute  to  our  understanding  of  the  pathogenicity  of  this 
organism. 

Proposed  Course  of  Research: 

Recombinant  plasmids  (described  above)  and  phages  carrying  nif  genes 
(previously  constructed  in  other  laboratories)  will  be  used  in  further 
DNA.-RNA  hybridization  experiments  to  identify  the  RNA  products  of  nif  gene 
transcription  and  to  map  these  RNA  species  on  Klebsiella  DNA.   These  plasmids 
and  phages  will  also  be  used  for  more  detailed  comparisons  of  nif  genes  in 
different  nitrogen-fixing  strains.   In  addition,  small  fragments  of  nif  DNA 
will  be  recombined  with  the  E.  coli  Gal  kinase  structural  gene  and  trans- 
formed into  appropriate  strains  in  order  to  identify  and  study  nif  fragments 
which  can  serve  as  promoters  of  transcription.   Ultimately,  DNA  sequence 
analysis,  in  vitro  transcription,  and  DNA-protein  binding  studies  will  be 
employed  to  identify  and  study  possible  activators,  repressors,  and  DNA 
sequences  which  are  involved  in  regulation  of  nif  gene  expression. 

Publication: 

Appelbaum,  E.R.  and  Kramer,  R.A. :  Restriction  mapping  of  deletions  in  the 
nif  region  of  the  Klebsiella  pneumoniae  chromosome.  Molecular  and  General 
Genetics  (in  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

For  the  past  few  years,  we  have  been  interested  in  establishing  conditions 
for  the  study  of  the  components  necessary  for  correct  in  vitro  synthesis  of 
specific  RNA  molecules.   We  have  established  a  procedure  for  the  isolation 
of  DNA  dependent  RNA  polymerase  from  nuclei  of  BSC-1  cells  in  culture. 
These  cells  are  permissive  to  infection  by  the  transforming  virus  SV40.   We 
have  begun  experiments  to  analyze  the  transcription  of  SV40  DNA-protein 
complexes  by  relatively  crude  preparations  of  RNA  polymerase  isolated  from 
cells  infected  with  SV40.   We  have  found  that  under  certain  conditions,  we 
can  achieve  asymmetric  transcription  of  the  SV40  DNA-protein  complexes ,  such 
that  the  correct  strand  from  both  the  early  and  late  regions  of  the  virus 
are  used  by  the  enzyme. 
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Project  Description: 

Objectives 

One  of  the  approaches  that  we  are  taking  for  studying  the  regulation 
of  eucaryotic  gene  expression  is  the  ^Ln  vitro  transcription  of  well  defined 
DNA  templates  using  crude  preparations  of  RNA  polymerase  II.   We  have  chosen 
to  conduct  these  studies  using  simian  virus  40  (SV40)  DNA-protein  complexes 
prepared  from  intact  virions  as  the  transcriptional  template  and  RNA  poly- 
merase II  activity  in  extracts  of  nuclei  isolated  cells  permissive  for  SV40 
infection  (BSC-1)  as  the  source  of  enzyme. 

Transcriptional  studies  using  SV40  appear  very  attractive  since  there 
exists  extensive  information  on  the  structure  and  function  of  this  virus. 
In  addition,  SV40  DNA-protein  complexes  are  probably  excellent  templates 
for  transcription  since  they  more  clearly  resemble  the  in   vivo  state  of  DNA 
than  does  deproteinized  DNA. 

The  overall  goal  of  this  work  is  to  reproduce  _in  vitro  some  of  the 
events  known  to  occur  during  transcription  of  the  SV40  genome. 

Methods  Employed 

Nuclei  were  isolated  from  BSC-1  cells  via  horaogenization  in  hypotonic 
sucrose.   A  crude  preparation  of  RNA  polymerase  was  then  made  by  lysing  the 
nuclei  in  low  ionic  strength  buffer  then  digesting  the  chromatin  with  DNase 
I-Sepharose  [Kastern  et  al.,JBC.  254:  7368  (1979)]  The  RNA  polymerase  acti- 
vity found  in  the  10,000  g  supernatant  was  then  used  for  transcriptional 
studies.   DNA-protein  complexes  were  prepared  from  intact  virus  by  disruption 
of  the  virions  in  a  solution  containing  EGTA  and  DTT.   They  were  then  used 
directly  for  transcription  with  exogenous  polymerase. 

In  experiments  designed  to  analyze  strand  selection  by  RNA  polymerase, 
32P-RNA  made  ^n  vitro  was  purified  then  hybridized  to  Nitrocellulose  filters 
containing  the  separated  strands  of  a  Bam  HI-Hpall  digest  of  SV40  DNA. 
Filters  were  prepared  by  the  standard  "Southern"  transfer  method  from 
agarose  gels  run  under  conditions  which  will  separate  the  complementary 
strands  of  this  digest. 

Major  Findings 

The  results  of  our  initial  studies  have  been  encouraging.   Extracts  of 
BSC-1  nuclei  prepared  by  DNAse  I-Sepharose  digestion  of  chromatin  contain 
two  RNA  polymerization  activities.   One  activity  is  not  inhibited  by  the 
fungal  toxin  a-amanitin  at  concentrations  that  inhibit  RNA  polymerase  II, 
and  is  also  not  dependent  upon  an  exogenous  DNA  template.   The  identity  of 
this  activity  has  not  been  determined.   The  second  activity  which  accounts 
for   50%  of  the  total  polymerase  activity  is  due  to  RNA  polymerase  II  as 
judged  by  a-amanitin  sensitivity  and  its  dependence  upon  an  additional  DNA 
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template.   These  nuclear  extracts  have  been  used  for  transcribing  SV40  DNA- 
protein  complexes  prepared  by  gentle  disruption  of  intact  virus.   RNA 
synthesis  using  this  template  proceeds  at  a  nearly  constant  rate  for  one 
hour. 

In  the  next  phase  of  our  investigation,  we  have  examined  whether  proper 
strand  selection  by  RNA  polymerase  II  occurs  in  the  production  of  these 
transcripts.   We  have  checked  for  proper  strand  selection  by  hybridizing  the 
32p-RNA  made  _in  vitro  to  the  separated  coding  and  non-coding  strands  of  the 
regions  of  the  SV40  genome  specifying  early  and  late  functions.   We  have 
found  that,  under  the  proper  conditions,  the  majority  of  the  transcripts  are 
synthesized  from  the  coding  strands  of  the  two  regions.   Under  similar  con- 
ditions, purified  wheat  germ  RNA  polymerase  II  reveals  no  strand  selectivity, 
the  results  of  these  investigations  have  shown  that  at  least  some  aspects  of 
specific  transcription  are  retained  in  this  in  vitro  transcription  system. 
Our  current  investigations  include  a  systematic  evaluation  of  the  conditions 
necessary  for  proper  strand  selection  and  studies  to  locate  the  sites  of  RNA 
polymerase  II  initiation. 

Significance  to  Cancer  Research 

A  study  of  the  mechanisms  whereby  the  control  of  the  expression  SV40,  a 
transforming  virus,  is  effected  is  of  direct  relevance  to  any  consideration 
of  the  processes  involved  in  cancer.   The  advantages  of  the  use  of  SV40  for 
the  study  of  regulation  at  the  level  of  transcription  are  many,  including 
the  fact  that  the  primary  RNA  transcripts  from  the  late  region  have  already 
been  characterized  and  those  from  the  early  region  will  soon  be  sequenced. 
Therefore  analysis  of  the  in  vitro  transcripts  becomes  possible  since  this 
is  one  of  the  few  systems  available  in  which  the  primary  transcription 
product  are  known.   Also,  SV40  viral  minichromosomes  are  ideal  templates 
for  transcription  since  they  have  the  nucleosomal  structure  found  in  nuclear 
DNA.   Since  information  relevant  to  control  of  gene  expression  is  crucial  to 
understanding  of  the  aberrations  responsible  for  cancer,  such  experiments  in 
which  we  will  attempt  to  analyze  the  components  responsible  for  accurate 
transcription  utilizing  an  ideal  template  and  relatively  crude  preparations 
of  RNA  polymerase  will  provide  some  insights  into  these  problems. 

Proposed  Course  of  Research 

In  addition  to  our  studies  utilizing  SV40  chromatin,  we  also  intend  to 
investigate  the  ability  of  SV40  DNA  to  be  utilized  as  template  for  in  vitro 
transcription.  Specifically,  we  are  interested  in  mapping  the  region  for  in 
vitro  initiation  for  both  the  naked  DNA  and  chromatin  templates.  In  addition 
to  the  obvious  questions  about  the  effect  of  chromatin  proteins  on  transcrip- 
tion, these  studies  will  allow  us  to  examine  the  Interaction  of  various  cell- 
ular components  with  both  forms  of  the  SV40  template. 
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Publications 

Stanchfield,  J.E.,  Kastern,  W.H. ,  Eldridge,  J.D.  and  Mullinix,  K.P.:  In  vitro 
transcription  of  SV40  nucleoprotein  complexes  with  nuclear  extracts  of  BSC-1 
cells.  J. Cell  Biol.  83:  407a  (1979). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  proteins  encoded  in  the  most  abundant  mRNA  class  expressed  in  embryonic 
chick  muscle  have  been  identified.   These  include  myosin,  heavy  chains, 
actins,  tropomyosin,  vimentin  and  the  myosin  light  chains.   Certain  isozymic 
forms  of  these  proteins  are  expressed  only  in  differentiated  muscle,  e.g., 
q-actin  and  muscle  specific  myosin,  where  as  other  forms  are  expressed 
constitutively,  e.g.,  B.y-actin  and  fibroblast  myosin.   Using  cloned  dscDNA 
probes  for  the  act in  gene  family  we  have  isolated  genomic  sequences  for  the 
a,  3  and  Y-actin  genes  from  the  Charon  4A  phage  library  of  the  chicken  genome. 
We  are  in  the  process  of  comparing  the  organization,  structure  and  regulation 
of  the  dif f erentation  specific  vs  the  constitutive  actin  genes.   ds cDNA 
clones  have  been  prepared  for  other  isozymic  muscle  proteins  and  are  being 
used  to  isolate  the  genomic  sequences  for  similar  studies. 
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Project  Description: 

Objectives: 

1)  Where  possible,  directly  screen  the  library  with  cDNA  and  let  se- 
quence abundance  in  the  DNA  select  the  muscle-specific  clones.   2)  To  prepare 
dscDNA  probes  that  are  specific  for  the  various  muscle  proteins  under  study. 
3)  Use  these  probes  to  isolate  the  complete  transcriptional  unit  for  each 
gene  under  investigation.   4)  Study  the  organization  of  coding  and  noncoding 
sequences  within  the  transcriptional  unit  for  the  various  genes.   5)  Define 
the  transcriptional  start  sites  within  a  gene  family  and  compare  to  other 
genes.   6)  Establish  in   vitro  transcription  systems  to  study  transcription 
and  processing  events  in  gene  regulation. 

Methods  Employed: 

Specific  dscDNA  probes  prepared  from  shotgunned  cDNA  in  PBR322,  are 
identified  using  cDNA  probes  synthesized  with  mRNA  fractionated  on  methyl- 
mercury  agarose  gels.   Translational  cell-free  systems  are  used  to  identify 
the  RNA  fractions  enriched  for  a  particular  in  RNA.   The  cDNA  is  used  to 
screen  the  dscDNA  library  and  positives  are  further  characterized  by  mRNA 
selections  and  translations. 

The  characterized  probes  are  used  to  screen  the  charon  4A  library  of 
the  chicken  genome.   Approximately  10"  plaques  are  screened  in  order  to  get 
representative  positives  for  each  gene.   Restriction  analysis  and  electron 
microscope  studies  are  used  to  define  the  transcriptional  unit  for  each 
gene. 

The  transcriptional  start  sites  are  identified  in  the  genomic  sequences 
for  each  gene  by  hybridizing  the  various  cloned  genomic  sequences  for  each 
gene  with  a  5'  specific  probe.   These  start  sites  are  to  be  sequenced  by 
standard  procedures. 

Transcriptional  systems  are  to  be  prepared  by  published  procedures  and 
tested  with  the  various  51  positive  clones  for  each  gene  identified. 

Major  Findings; 

Direct  screening  of  the  library  with  cDNA  has  led  to  an  unexpected 
result.   Of  the  33  isolates  tested,  2  were  a-actin  genes,  15  were  vimentin 
genes,  1  was  desmin  and  1  was  possibly  creative  phosphokinase  -  the  remaining 
are  not  defined.   This  bias  either  reflects  the  cDNA  probe  or  the  make-up 
of  the  genomic  library  to  test  this  hypothesis.   Other  workers  have  suggested 
other  libraries  representing  different  organisms  are  not  representative  of 
the  orginal  genome.   For  this  reson  we  have  returned  to  the  preparation  of 
dscDNA  clones  for  screening  the  library.   At  present  we  have  constructed 
clones  for  all  three  of  the  actin  genes  and  have  completed  a  preliminary 
screening  of  the  library.   Preparation  of  the  purified  sequences  is  underway. 
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Restriction  maps  of  the  partial  a-actln  gene  have  been  constructed  for 
Hind  III  and  R]_  restriction  enzymes.   The  coding  sequence  positions  have 
been  determined.   By  hybridization  with  repetative  genomic  DNA  sequences, 
it  appears  elements  in  the  ct-actin  gene  are  repetitive  in  the  genome  sug- 
gesting either  flanking  or  structural  sequences  in  the  gene  are  repetitive 
in  the  genome. 

The  vimentin  clone  family  is  being  analyzed  as  an  example  of  a  constitu- 
tive gene.   We  intend  to  compare  a  muscle  specific  gene  to  a  constitutive 
gene  in  all  its  aspects  where  possible. 

Projected  Course  of  Research: 

We  intend  to  persue  the  objectives  listed  above  in  analyzing  the  organi- 
zation, structure  and  regulation  of  constitutive  and  dif ferentration  specific 
genes. 

Publication: 

None. 
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sequencing  the  ribosome  binding  sites. 

3)  To  measure  translational  efficiency  of  mRNAs  with  modifications  in 
structure  by  translating  mRNAs  in  cell-free  systems. 

Methods : 

Prepare  prokaryotic  mRNAs  of  known  sequence  and  structure. 

Ribosome  binding  assays  and  protein  translations  are  carried  out  in  E_. 
coli  and  wheat  germ  cell-free  protein  synthesizing  systems. 

Major  Findings: 

The  cap  structure  in  eukaryotic  mRNAs  is  not  essential  for  correct 
ribosome  binding.   The  rate  of  binding  is  influenced  by  the  cap.   The  first 
AUG  proximal  to  the  5'  end  of  the  mRNA  is  usually  selected  within  the  ribo- 
some binding  site  but  exceptions  exist.   The  secondary  structure  of  the 
mRNA  between  the  5'  end  and  the  AUG  translational  start  site  plays  a  role 
in  the  translational  efficiency  of  the  mRNA. 

Projected  Course  of  Research: 

Continue  to  examine  mRNA  structure  and  its  role  in  the  regulation  of 
gene  expression. 

Publication: 

None. 
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Introduction  and  Objectives 

The  presence  of  repetitive  DNA  is  a  nearly  universal  feature  of  the 
eucaryotic  genome.  It  has  been  implicated  in  many  essential  cellular  process- 
es. These  include  chromosome  pairing,  recombination  of  segments  of  the 
genome,  heterochromatic  inactivation  of  DNA  segements,  and  even  in  the  direct 
coordination  of  the  expression  of  widely  scattered  genes.  If  any  one  of  these 
important  functions  is  better  understood  by  characterization  of  repetitive 
DNA,  then  the  benefit  to  understanding  both  normal  and  malignant  cell  biology 
will  be  well  worth  the  effort  expended.  Thus  it  is  appropriate  to  apply  the 
most  sophisticated  and  powerful  resources  of  molecular  biology  to  better  under- 
stand the  structure  and  function  of  repetitive  DNA.  This  is  the  specific  aim 
of  our  present  work. 

This  project  is  built  on  earlier  work  (project  #Z01  CB  05242-03  LB)  which 
is  now  complete.  Its  results  established: 

1.  The  avian  genome  is  an  ideal  choice  for  the  study  of  repeated  DNA. 
The  genome  is  2-3  fold  smaller  than  those  of  mammals  and  has  an  unusually 
small  fraction  of  repeated  DNA.  This  simplifies  the  study  of  repeated  DNA 
sequences  because  there  are  fewer  of  them  and  they  occur  in  a  less  complex 
genome.  The  chicken  genome  has  one  other  advantageous  feature.  It  has  an  un- 
usual interspersion  pattern.  Here  modified  versions  of  both  long  and  short 
period  interspersion  are  present,  providing  a  good  opportunity  to  study  two 
kinds  of  repeated  sequence  organization  within  a  single  genome. 

2.  There  are  repeated  sequences  that  have  been  conserved  through  long 
periods  of  avian  evolution.  They  are  present  in  the  DNA  of  many  different 
species  of  birds,  including  some  that  are  very  distantly  related.  Because  of 
their  persistence,  we  can  compare  the  organization  of  the  same  repeated  se- 
quences in  many  different  species.  This  will  indicate  something  about  how 
repeated  sequences  originate  and  will  tell  us  which  characteristics  are  main- 
tained by  natural  selection.  It  may  also  spotlight  the  things  about  repeated 
DNA  that  are  essential  to  its  function(s). 

3.  Molecular  cloning  of  many  different  chicken  repeated  DNA  sequences 
has  been  accomplished.  To  do  this,  we  made  use  of  the  fact  that  repeated  DNA 
can  be  partially  separated  from  non-repetitive  DNA  by  chromatography  on  a 
column  of  RPC-5.  Together  with  an  improved  method  for  detecting  the  desired 
recombinant  clones,  this  allowed  us  to  go  directly  to  cloning  of  restriction 
fragments  in  plasmid  vectors,  and  greatly  speeded  up  the  cloning  process. 
The  completion  of  this  cloning  effort  immediately  advanced  our  ability  to 
study  chicken  repeated  DNA.  It  provided  a  collection  of  more  than  100  differ- 
ent cloned  repetitive  sequences,  each  of  which  could  be  prepared  in  large 
amounts  for  direct  characterization.  More  importantly,  it  provided  us  with 
absolutely  pure  probes,  each  representing  a  single  family  of  repeated  se- 
quences in  the  genome.  Thus  we  could  proceed  directly  to  the  characterization 
of  individual  families  in  the  genome. 

This  background  information  and  the  availability  of  the  clones  launched 
a  new  wave  of  intensive  study  of  repeated  DNA  in  the  chicken  genome.  The 
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following  sections  describe  this  work,  its  major  findings,  and  its  future 
course. 

Methods  Employed 

In  this  work,  we  make  use  of  five  basic  techniques.  They  are: 

1.  Cloning.  We  use  ligation  of  restriction  fragments  of  chicken  DNA  with  the 
plasmid  vector  pBR322,  followed  by  transfection  of  E.Coll  chi  1776.  Positive 
clones  are  identified  by  colony  filter  hybridization.  Plasmid  DNA  is  prepared 
by  detergent  lysis  of  cells  and  CsCl-EtBr  density  gradient  centrigfugation. 

Other  clones  are  selected  from  a  library  of  chicken  DNA  cloned  in  lambda 
by  plaque  lifts  and  hybridization  with  32P-labeled  probes.  The  positive  phage 
are  successively  purified  until  homogeneous.  Then  phage  DNA  is  isolated  from 
phage  particles  purified  by  banding  in  CsCl  gradients. 

2.  Southern  Transfer  Experiments.  Restriction  fragments  of  clones  or  total 
chicken  DNA  are  prepared  and  separated  by  agarose  gel  electrophoresis.  The 
separated  fragments  are  then  denatured  and  transferred  to  nitrocellulose  by 
the  method  of  Southern.  These  blots  are  in  turn  hybridized  to  32P-labeled  DNA 
probes.  The  hybridization  is  detected  by  autoradiography  of  the  blots. 

3.  Restriction  Mapping  of  Clones.  The  pattern  of  retriction  endonuclease 
cleavage  of  cloned  chicken  DNA  segments  is  determined  by  a  combination  of 
methods.  These  include  measurement  of  the  lengths  of  restriction  fragments 
detected  in  gels  by  ethidium  bromide  staining,  isolation  of  restricton 
fragments  from  gels  and  re-digestion  with  a  second  restriciton  enzyme,  and 
hybridization  of  purified  individual  labeled  fragments  to  other  restriction 
fragments  bound  to  nitrocellulose  sheets. 

4.  Heteroduplex  Analysis.  Different  cloned  chicken  DNA  segments  are  compared 
by  hybridization  followed  by  visualization  of  the  hybrid  structures  in  the 
electron  microscope.  The  photographic  data  is  then  analyzed  using  a  tablet- 
style  digitizer  and  a  small  computer.  The  appropriate  statistical  analyses  are 
performed  using  this  same  computer,  which  is  located  in  the  Laboratory  of 
Biochemistry. 

5.  DNA  Sequencing.  Areas  of  cloned  repetitive  DNA  sequences  that  are  of  part- 
icular interest  are  being  analyzed  by  direct  sequencing.  Here  we  are  using  a 
modification  of  the  protocol  developed  by  Maxim  and  Gilbert.  The  sequencing 
data  will  eventually  be  subjected  to  computer  analysis  to  uncover  features  not 
evident  from  direct  examination. 

Major  Findings 

We  have  detected  two  distinct  types  of  repeated  sequences  in  the  chicken 
genome.  One  kind  is  the  familiar  interspersed  repeat,  which  is  scattered 
throughout  the  genome,  having  different  single  copy  sequence  flanking  it 
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each  time  it  occurs.  Many  of  our  cloned  DNA  fragments  are  of  this  type,  and 
we  temporarily  set  them  aside  to  study  the  more  interesting,  second  kind  of 
repeated  sequences.  These  are  sequences  with  a  clustered  organization  in  the 
genome.  Here  we  will  briefly  summarize  our  present  knowledge  about  clustered 
repeated  sequences. 

In  the  chicken  genome,  a  substantial  part  of  the  repeated  DNA  has  a 
clustered  organization.  A  cluster  contains  one  copy  of  each  of  several  diff- 
erent repeated  sequences.  That  is,  each  sequence  in  the  cluster  is  drawn  from 
a  different  family  of  repeated  sequences.  The  component  sequences  that  make  up 
a  cluster  each  occurs  several  hundred  times  in  the  genome,  but  only  once  per 
cluster.  The  clustered  units  exceed  17  Kb  in  length  because  they  are  longer 
than  the  DNA  fragments  that  can  be  cloned  in  lambda.  Together,  all  the  clust- 
ers we  have  studied  so  far  make  up  10%  of  chicken  repeated  DNA.  There  are  other 
kinds  of  clusters  that  will  be  included  in  future  work. 

In  the  genome  those  repeated  sequences  that  are  cluster  elements  always 
occur  in  a  clustered  context.  In  other  words,  we  have  never  found  them  flanked 
by  single  copy  DNA,  but  only  with  other  repeated  sequences  as  their  neighbors 
in  the  genome.  The  comparison  of  different  cloned  repeated  DNA  clusters  led 
to  a  very  striking  result.  Different  clusters  often  contain  the  same  assort- 
ment of  sequences  but  in  scrambled  order.  These  two  facts,  the  absence  of 
widespread  dispersal  among  non-repetitive  sequences  and  the  presence  of  dif- 
ferent sequence  arrangements  from  cluster  to  cluster,  presents  a  peculiar  pic- 
ture of  limited  genome  reorganization.  The  rearrangement  is  apparently  suffi- 
cient to  generate  variability  of  sequence  juxaposition  from  cluster  to  cluster, 
but  not  so  extensive  as  to  disrupt  the  general  associations  of  the  sequences 
within  clusters.  The  clustered  repetitive  component  of  the  chicken  genome  is 
unlike  all  other  previously  described  repeated  sequence  components  in  the 
sense  that  it  is  neither  tandemly  repeating  nor  interspersed.  The  only  other 
published  work  describing  such  a  component  comes  from  analysis  of  cloned  re- 
peated sequences  from  the  Drosophila  genome.  We  believe  that  continued  effort 
may  lead  to  a  clear  distinction  among  different  repeated  sequences  with  res- 
pect to  structure  and,  eventually,  according  to  function  as  well. 

Another  phase  of  this  work  has  focused  on  DNA  methylation.  Our  attention 
was  initially  attracted  to  methylation  because  of  a  report  that,  although  many 
repeating  components  of  the  sea  urchin  genome  (ribosomal  DNA,  5sDNA,  histone 
genes)  are  free  of  methylation,  a  family  of  interspersed  repeated  sequences 
is  heavily  modified  by  methylation  of  cytosine.  DNA  modification  could  very 
well  have  profound  effects  at  many  levels  of  DNA  function.  For  example,  it 
could  influence  DNA-protein  interactions.  It  could  make  regions  of  DNA  in- 
accessible (or  more  accessible)  to  RNA  polymerases.  It  could  influence  DNA 
replication  and  indirectly,  the  growth  rate  of  cells.  It  could  alter  histone- 
DNA  interactions  and  modify  chromatin  structure.  Through  the  mediation  of 
restriction-modification  systems  like  those  known  in  procaryotic  cells  it 
could  influence  genome  reorganization,  by  allowing  specific  cleavage  of  the 
genome  only  at  unmethylated  sites.  Some  of  these  possible  fuctions  are  gain- 
ing more  reality  in  our  minds  as  we  accumulate  data  on  the  methylation  of 
chicken  repeated  DNA. 
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The  first  thing  that  became  apparent  to  us  was  that  some  chicken  repeat- 
ed DNA  is  extensively  methylated.  This  was  established  by  restriction  of 
DNA  either  with  Mspl  or  with  its  methylation-sensitive  isoschitzomer ,  Hpall. 
Replacement  of  cytosine  with  5-methyl  cytosine  within  their  common  recognition 
sequence  CCGG  allows  Mspl  cleavage  but  blocks  the  activity  of  Hpall.   The 
presence  of  5-methyl  cytosine  is  detected  in  comparative  digests,  where  Hpall 
fragments  are  larger  than  those  generated  by  Mspl.  Total  DNA  digested  with 
either  enzyme  was  separated  by  length  in  agarose  gels  and  transferred  to 
Southern  blots  for  hybridization  with  the  cloned  repeated  sequence  probes. 
What  we  tested  was  the  methylation  of  all  the  genomic  copies  of  the  repeated 
sequence  families  that  our  cloned  probes  represent.   Initially,  we  concent- 
rated on  the  clones  that  are  parts  of  the  repeated  DNA  clusters  described 
above. 

All  of  the  clustered  repeated  DNA  sequences  are  extensively  methylated 
in  the  genome.  There  is  a  pattern  to  the  distribution  of  methylated  bases. 
Some  sequences  have  many  consecutive  occurences  of  CCGG  inaccessible  to  Hpall 
cleavage,  whereas  other  sequences  have  some  blocked  and  some  accessible  sites. 
There  is  one  region  of  the  cluster  that  is  completely  free  of  methylation  in 
the  genome.  If  the  genome  were  specifically  cleaved  at  this  unmethylated  site, 
it  would  explain  many  of  the  rearrangements  we  have  observed  among  the  clust- 
ers. 

We  are  proposing  a  relatioship  between  methylation  and  rearrangement  of 
segments  of  the  genome.  The  basis  for  it  is  a  comparison  of  patterns  of  re- 
arrangement and  patterns  of  methylation.  To  generate  the  scrambled  sequence 
orders  we  have  observed,  the  repeated  DNA  clusters  need  to  be  subjected  to 
cleavage  at  three  specific  points,  followed  by  inversion  of  the  free  DNA  seg- 
ments. One  of  the  necessary  cleavage  points  corresponds  to  an  unmethylated 
site  or  region.  It  has  heavily  methylated  segments  of  DNA  to  either  side 
of  it  whenever  it  occurs  in  the  genome.  Undermethylation  could  be  the  signal 
for.  specific  cleavage,  leading  to  the  very  limited  kinds  of  rearrangement 
we  have  observed  among  these  clusters.  We  are  pursuing  this  tantalizing 
result  by  direct  sequence  analysis  of  methylated  and  unmethylated  sites  within 
the  cloned  repeated  DNA  sequences.  If  we  can  distinguish  them  be  sequence, 
we  can  then  attempt  to  purify  the  putative  restriction  endonucleases  and 
methylases  because  pure  substrates  can  be  prepared  by  further  cloning. 

Another  part  of  our  attention  has  been  focused  on  the  actual  rearrange- 
ment process  that  led  to  the  alternative  arrangements  of  cluster  elements.  Are 
these  different  sequence  juxapositions  the  result  of  somatic  gene  scrambling, 
as  in  the  case  of  immunoglobin  genes?  Is  reoganization  mediated  by  transpos- 
able  elements,  where  different  arrangements  are  rapidly  generated  within  con- 
temporary populations  of  birds?  Or  are  these  the  result  of  a  long  process  of 
evolutionary  change? 

We  have  now  established  that  all  the  alternative  arrangements  of  the 
clustered  repeats  are  present  regardless  of  the  source  of  chicken  DNA.  Com- 
parisons included  DNA  from  several  tissues  of  each  of  several  birds,  and  DNA 
from  many  different  individuals  representing  two  strains  of  chickens.  We  also 
compared  the  patterns  of  methylation  within  all  these  different  DNA  samples. 
They  are  faithfully  reproduced  from  tissue  to  tissue  and  from  individual  to 
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individual. The  repeated  DNA  clusters  are  a  relatively  stable  component  of  the 
genome  and  are  not  undergoing  rearrangement  on  a  contemporary  time  scale. 

The  situation  is  quite  different  in  the  genomes  of  related  birds.  Here 
these  sequences  are  present  and  they  have  the  same  clustered  methylated  form. 
However,  we  notice  that  some  of  the  alternative  arrangements  are  missing  in 
the  other  species.  Each  species  has  its  own  particular  arrangement  of  the 
clustered  repeated  sequence  elements. 

We  are  struck  by  the  evolutionary  persistance  of  methylation.  Whenever 
we  find  these  sequences  in  the  DNA  of  other  birds,  we  find  that  they  are  ex- 
tensively methylated  there.  This  close  association  of  clustering  and  methy- 
lation is  another  aspect  that  leads  us  to  propose  a  direct  functional  rela- 
tionship between  them. 

Besides  this  completed  work,  there  are  other  projects  in  various  stages 
of  completion.  Our  preliminary  conclusions  from  them  can  be  briefly  summariz- 
ed. 

1.  The  methylation  of  clustered  repeated  sequences  has  been  investigated  in 
DNA  isolated  form  many  different  embryonic  stages  of  the  chick.  We  find  that 
these  sequences  are  methylated  throughout  the  course  of  development.  This  is 
true  whether  whole  embryo  DNA  is  considered  (early  stages),  or  in  the  differ- 
ent tissues  that  are  formed  in  later  developmental  stages.  If  there  are  spec- 
ific enzymes  responsible  for  the  introduction  of  methyl  groups,  they  are 
present  to  some  level  from  the  inception  of  development  and  are  present  in 
all  kinds  of  fetal  and  adult  tissues.  The  pressure  to  keep  these  particular 
sequences  methylated  seems  very  strong  indeed.  Even  the  ribosomal  DNA  of 
Xenopus,  which  is  a  very  well-studied  example  of  a  heavily  methylated 
genomic  component,  is  free  of  methylation  when  amplified  in  oocytes.  The 
chicken  repeated  DNA  clusters  have  never  been  found  free  of  methylation. 

2.  We  have  initiated  the  study  of  cloned  interspersed  repeated  DNA  sequences. 
This  work  began  with  the  complete  characterization  of  a  cloned  DNA  fragment 
that  bears  two  sequences  of  this  type.  We  used  that  first  clone  to  select 
more  fragments  from  a  library  of  chicken  DNA  cloned  in  lambda.  These  larger 
genomic  fragments  contain  both  single  copy  DNA  and  other  members  of  the  same 
family  of  interspersed  repeats.  In  some  cases,  they  contain  other  repeated 
sequences  in  addition  to  the  one  used  for  screening  as  well.  What  we  can 

say  from  the  work  completed  so  far  is  that  these  clones  clearly  represent 
a  different  kind  of  repeated  sequence  organization  than  the  clusters 
described  above.  This  knowledge  of  them,  when  developed  to  the  same  point 
as  we  have  reached  for  cluster  elements,  will  complete  the  first  phase  of 
work  on  characterization  of  all  the  repeated  DNA  of  the  chicken. 

3.  We  mentioned  earlier  that  in  the  genome,  there  are  both  heavily  methylated 
and  unmethylated  sites  within  repeated  DNA  clusters.  The  analysis  of  these  is 
now  in  the  phase  of  direct  DNA  sequencing.  To  do  this,  we  need  to  further  map 
some  restriction  sites  in  the  approriate  clones  and  also  to  sub-clone  smaller 
fragments  of  them.  All  the  preliminary  work  is  finished,  and  at  the  present 
time  we  are  reading  sequence  from  the  first  set  of  gels. 
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Significance  to  Cancer  Research 

Our  work  is  part  of  a  broad  effort  to  relate  the  structural  organization 
of  eucaryotic  DNA  to  important  cellular  functions.  The  success  of  this  en- 
deavor will  depend  on  a  complete  knowledge  of  all  the  kinds  of  DNA  sequences 
in  the  genome  and  their  structural  organization  and  relationships.  This  seems 
at  first  sight  a  very  ambitious  goal,  but  with  the  power  of  cloning  and  se- 
quencing technology  at  our  disposal,  it  is  now  a  realistic  expectation.  There 
is  no  way  that  this  complete  picture  can  fail  to  inform  us  about  what  genomic 
components  are  involved  in  regulation  of  gene  expression  and,  ultimately,  in 
the  control  of  normal  growth  and  differentiation.  The  parallel  understanding  of 
malignant  cell  function  holds  out  the  only  sure  promise  of  a  complete  solution 
to  the  cancer  problem. 

Proposed  Course  of  Research 

1.  Repeated  DNA  Clusters 

We  have  observed  that  there  is  strong  concurrence  of  some  repeated 
sequences  in  the  genome.  Members  of  different  repeated  sequence  families 
are  often  found  adjacent  at  many  different  locations  in  the  genome.  We  will 
study  this  concurrence  phenomenon  further.  To  do  this,  we  will  again  make 
use  of  the  library  of  chicken  DNA  cloned  in  lambda.  Plaque  lifts  can  suc- 
cessfully done  in  triplicate.  Each  filter  will  be  hybridized  with  a  different 
repeated  sequence  probe.  Correspondence  of  positive  phage  with  the  different 
probes  is  a  preliminary  indication  of  their  adjacent  occurance  in  the  same 
inserted  DNA  segment.  This  frequency  can  be  scored,  and  further  confirmation 
comes  from  purification  and  direct  characterization  of  the  positive  phages. 
This  will  determine  whether  a  given  repeated  sequence  can  be  part  of  many 
different  clustered  assortments  of  repeated  sequences,  or  is  part  of  just 
one  kind  of  cluster. 

We  have  no  direct  knowledge  of  how  large  the  clusters  are  or  whether 
they  are  scattered  throughout  the  genome  or  located  in  just  a  few  regions. 
This  is  a  difficult  point  to  approach  directly,  so  we  will  try  some  indirect 
tests.  These  include  cloning  of  larger  (up  to  50  Kb)  segments  of  DNA  cosmids, 
and  an  effort  to  physically  isolate  the  clusters  from  the  genome.  This  will 
not  be  by  cloning,  but  by  density  gradient  centrifugation  in  combination  with 
quasi-sequence-specific  reagents  like  certain  dyes  and  silver  or  mecury.  These 
often  shift  specific  genomic  components  to  a  different  buoyant  density  than 
the  remainder  of  the  DNA,  and  would  be  a  way  of  direct  isolation  from  the 
genome.  A  summer  student  aide  (R.  Cuevo)  will  initiate  this  work  soon. 

We  have  some  indication  that  the  order  of  repeated  sequences  in  the  clust- 
ers may  now  be,  or  at  one  time  was,  a  circularly  permuted  series.  This  suggests 
to  us  a  circular  intermediate  in  the  replication  of  this  DNA.  Methods  exist  for 
enrichment  or  isolation  of  circular  genomic  components  (Hirt  lysis,  etc.)  and 
these  will  be  used  to  explore  this  possibility.  It  is  easy  to  see  how  the  al- 
ternative arrangements  we  have  observed  could  be  generated  by  excision  of  DNA 
segments  and  amplification  by  a  rolling-circle  type  mechanism,  followed  by  re- 
introduction  into  the  chromosome,  so  there  is  sufficient  support  for  this  idea 
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to  merit  some  preliminary  investigation. 

We  have  observed  a  scrambled  order  of  sequences  from  cluster  to  cluster. 
This  seems  to  be  a  good  indication  of  prior  rearrangement  within  these  seg- 
ments of  the  genome.  We  wish  to  more  clearly  identify  the  nature  of  this  re- 
combination. To  do  this,  we  will  study  the  clustered  repeats  that  are  cloned 
in  lambda  by  heteroduplex  analysis.  In  this  way,  inversions,  deletions,  insert- 
ions, etc.  can  be  directly  visualized  and  the  exact  points  of  recombination 
can  be  identified.  We  have  excellent  facilities  for  this  at  our  disposal,  and 
we  have  already  succeeded  in  forming  the  first  perfect  heteroduplex  structures. 
This  work  will  be  continued  using  the  presently  available  clones  and  also  those 
that  we  isolate  from  the  experiments  on  concurrence  proposed  above. 

2.  Methylation 

The  discovery  of  repeated  sequence  methylation  holds  out  to  us  the  prom- 
ise of  relating  repeated  DNA  structure  and  function  in  a  new  way.  Thus  consid- 
erable attention  will  be  focused  here  in  the  coming  months. 

Is  there  a  specific  sequence  that  is  recognized  as  a  target  for  methyl- 
ation? Since  we  have  cloned  sequences  that  are  representative  of  methylated 
sites  in  the  genome,  we  can  answer  this  question  by  DNA  sequencing.  We  are  in 
an  especially  good  position  because  we  have  many  such  sites.  We  can  accumulate 
enough  sequence  data  for  computer-assisted  analysis.  Even  sequence  similarities 
that  are  not  discernable  by  direct  inspection  may  be  revealed  to  us  be  the 
computer.  If  this  can  be  done,  then  we  have  the  first  appropriate  substrates  to 
attempt  isolation  of  sequence-specific  euaryotic  DNA  methylates  and  associated 
restriction— like  nucleases.  If  no  correlation  with  sequence  can  be  found,  then 
we  conclude  that  methylation  is  directed  by  a  sequence-independent  component  of 
chromosomes,  which  is  also  an  advancement  in  understanding.  Whatever  the  re- 
sult, understanding  of  the  bais  for  DNA  methylation  is  clearly  the  first  step 
in  understanding  its  function. 

We  will  be  continuing  to  explore  other  sources  of  chicken  DNA  with  respect 
to  methylation.  At  the  present  time,  we  are  testing  the  methylation  of  repeated 
sequences  in  DNA  isolated  from  sperm.  Another  experiment  will  involve  DNA  from 
tissue  culture  cells,  because  here  we  may  be  able  to  enrich  for  newly-replicat- 
ed DNA,  extrachromosomal  DNA,  or  DNA  generated  through  repair  synthesis.  This 
will  give  us  additional  information  about  how  and  when  the  methylation  occurs. 

Is  all  of  chicken  repeated  DNA  methylated, or  only  those  repeated  sequences 
with  a  clustered  organization?  We  will  answer  this  using  cloned  iterspersed  re- 
peated sequences.  If  these  are  also  methylated,  it  will  be  of  interest  to  in- 
vestigate the  methylation  of  their  neighboring  single  copy  sequences  (genes?) 
which  we  have  already  cloned. 

Some  have  drawn  a  correlation  between  methylation  and  the  regulation 
of  gene  expression.  We  know  that  the  clustered  repeats,  which  are  highly 
methylated,  are  not  abundantly  transcribed.  Thus  it  is  of  interest  to 
compare  methylation  and  transcription  of  interspersed  repeated  sequences 
and  their  adjacent  sequences,  as  well.  This  will  tell  us  if  methylation  is 
correlated  with  transcription  and  whether  it  relates  more  to  repeated 
sequence  organization  than  transcription. 
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3.  Interspersed  Repeats 

We  are  now  in  a  position  to  develop  knowledge  of  interspersed  repeated 
sequences  to  the  same  level  as  we  have  done  for  clusters.  This  will  involve 
the  same  two-fold  approach:  characterization  of  segments  cloned  in  lambda, 
and  hybridization  to  Southern  blots  of  total  DNA.  The  necessary  clones  have 
already  been  isolated  and  purified  to  homogeneity.  We  expect  rapid  progress 
with  completion  of  this  phase  within  the  next  few  months. 
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Project  Description 

Objective:  Using  human  cells  and  cells  from  experimental  systems  to  develop 
methods  for  earlier  detection  of  human  cancers  and  to  establish  quantitative 
methods  for  measuring  carcinomatous  changes. 

Methods  Employed:   The  methods  will  be  described  under  each  study  heading. 

Major  Findings: 

Study  1.   Estimation  of  metastatic  potential  of  human  and  other  cells  through 
measurement  of  cell  attachment  mechanisms. 

Mammalian  cells  attach  to  surfaces  with  varying  degrees  of  alacrity  and 
do  so  by  several  different  mechanisms.   Through  modification  and  improvement 
of  the  reflection  contrast  microscope,  a  quantitative  method  that  allows  the 
measurement  of  the  refractive  index,  dry  weight,  and  the  total  area  occupied 
by  the  organelles  of  attachment  of  cells  was  found.   These  methods  are  being 
applied  to  comparisons  of  normal  and  neoplastic  cells.   We  found  that  ascites 
cells  which  do  not  attach  to  substrates  lack  the  ability  to  form  the  adhesive 
pads  (focal  contacts)  used  by  most  cells  to  attach.   This  would  imply  that 
ascites  cells  have  undergone  a  further  modification  beyond  that  found  in 
solid  tumor  carcinoma  cells.   The  role  of  fibronectin  in  cell  attachment  has 
been  studied  by  this  method  and  it  was  found  that  fibronectin  does  not  par- 
ticipate in  the  formation  of  focal  contacts,  but  rather  that  it  is  found  in 
areas  of  "close"  contact.   Mouse  kidney  epithelium  has  been  shown  to  have  a 
multistage  mechanism  of  attachment  where  "close"  contacts  are  formed  first, 
followed  by  the  differentiation  of  the  cytoskeleton  and  formation  of  focal 
contacts.   A  similar  study  is  planned  for  human  breast  cancer  cells  when 
clinical  material  becomes  available. 

Study  2.   Evaluation  of  risks  associated  with  condyloma  accuminata  for  the 
development  of  cervical  cancer  and  the  use  of  quantitative  morphometry  in 
characterizing  human  cervical  cells. 

A  study  has  been  completed  involving  risk  assessment  of  patients  who 
have  severe  dysplasia  alone  and  patients  with  severe  dysplasia  concomitant 
with  condylomata  accuminata.   Results  indicate  that  while  cases  of  dysplasia 
often  progress  to  carcinoma  in  situ  or  invasive  cancer,  this  progression  is 
not  affected  by  concomitant  cervical  condylomata  accuminata. 

Study  3.   Identifying  primary  cancers  with  their  metastases  using  DNA  quanti- 
tation for  determining  patterns  of  aneuploidy. 

Human  breast  cancers  were  sampled  by  fine  needle  aspiration  biopsy  at 
time  of  diagnosis  of  the  primary  breast  cancer.   Subsequently,  when  breast 
cancer  metastasis  appeared  at  other  sites,  DNA  values  of  the  original  cells 
and  of  the  metastases  were  measured.   The  distributions  of  nuclear  DNA  was 
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shown  to  be  characteristic  for  each  tumor  and  its  metastases.   A  particularly 
tantalizing  portion  of  this  work  involves  women  who  have  contralateral  breast 
cancer  simultaneous  or  subsequent  to  a  supposedly  primary  mass.   The  evidence 
reported  from  this  study  indicates  that  at  least  some  cases  of  contralateral 
breast  cancer  show  surprising  similarities  of  DNA  distribution  perhaps  indi- 
cating organ  specific  metastases.   Attempts  to  continue  this  work  using  the 
enormous  clinical  collection  at  AFIP  have  been  unsuccessful  because  of  inad- 
equate equipment. 

Study  4.   Early  diagnosis  of  human  bladder  cancer  by  cytological  methods. 

Approximately  500  cases  of  primary  human  urothelial  cancer  have  been 
collected  at  the  University  Hospital  in  Leiden.   Cellular  material  from 
this  collection  is  available  for  morphometric  evaluation  and  preliminary 
studies  have  begun  for  applying  cytomorphometry  in  conjunction  with  studies 
of  DNA  content  for  the  earlier  diagnosis  of  Grade  I  and  II  tumors.   Although 
early  studies  indicate  that  it  is  possible  to  detect  highly  differentiated 
bladder  cancers  using  these  methods  a  shortage  of  equipment  has  prevented 
further  pursuit  of  this  project. 

Study  5.   Application  of  Fine  Needle  Aspiration  Biopsy  to  the  study  of  cel- 
lular dynamics. 

FNAB  is  a  method  for  the  nonsurgical  sampling  of  human  tissues  that 
results  in  single  cell  suspensions  taken  directly  from  the  tissue  in  ques- 
tion, normal  or  neoplastic.   It  is  thus  possible  to  obtain  from  surgical 
material  enough  individual  cancer  cells  to  do  cytochemical  studies,  immuno- 
logical reactions  on  individual  cancer  cells  and  to  study  the  cell  cycle 
stages  of  human  tissues.   Continued  work  with  this  methodology  has  resulted 
in  a  philosophical  inquiry  into  innovation  in  medicine.   Further  work  in 
this  area  is  difficult  because  of  inadequate  equipment. 

Study  6.   Inhibition  of  polycyclic  aromatic  hydrocarbon  metabolisms  by  anti- 
oxidants. 

The  metabolism  of  some  carcinogens  may  be  inhibited  by  anti-oxidants 
that  are  widely  used  in  the  food  industry.   In  this  work  we  have  studied 
the  inhibition  of  the  appearance  of  metabolites  from  cultured  human  epithelium 
by  the  inclusion  of  anti-oxidants  in  polycyclic  hydrocarbon  mixtures.   While 
two  papers  have  been  published  in  this  area,  further  studies,  to  be  conducted, 
depend  on  obtaining  suitable  equipment. 

Study  7.   A  study  was  begun  to  study  the  kinetics  of  cell  proliferation  of 
the  cervical  eithelium,  first  in  animals,  but  to  continue  in  human  material. 

We  found  that  cellular  proliferation  in  precancerous  lesions  of  the 
human  cervix  is  lower  than  that  in  normal  epithelium  and  that  much  of  this 
discrepancy  may  be  due  to  aberrations  of  DNA  replication.   Further  pursuit  of 
this  project  has  been  impossible  because  of  the  unavailability  of  funds  to 
procure  equipment. 

12  7 


Z01  CB  05261-01  LB 
Study  8.   Research  in  medical  education. 

Concurrent  with  research  in  other  aspects  of  cancer  research,  I  have 
also  been  involved  in  improving  the  quality  of  medical  publication  and 
medical  education  both  here  and  in  Sweden. 

Significance 

Cancer  research  can  offer  society  three  immediate  benefits:   earlier 
diagnosis  to  reduce  mortality  (by  detecting  primary  tumors  before  metasta- 
sis or  by  detecting  precancerous  lesions);  prevention  through  reducing  occu- 
pational and  environmental  exposure  to  carcinogens,  and  through  epidemiology 
to  determine  trends  and  populations  at  risk.   The  research  reported  here  is 
directly  related  to  all  three  of  these  approaches.   Understanding  the  mechan- 
isms of  cell  attachment  is  fundamental  to  understanding  metastasis,  and 
patients  usually  die  of  metastasis,  not  from  their  primary  tumors.   Early 
diagnosis  of  cervix  cancer  is  possible  through  cytology,  but  identifying  a 
higher  risk,  population  such  as  those  women  with  condylomata  accuminata  with 
preexisting  dysplasias  is  important  in  assessment.   Earlier  diagnosis  of 
bladder  cancer  is  to  be  much  desired  since  there  seems  to  be  much  higher 
patient  survival  when  the  lesion  is  detected  at  an  early  stage.   Fine  needle 
aspirations  may  be  used  for  early  diagnosis  of  palpable  lesions  and  the 
cells  removed  by  this  method  can  be  used  for  a  much  greater  variety  of  tests 
than  has  been  the  practice  previously.   In  short,  the  research  activity  is 
immediately  applicable  to  the  status  of  the  cancer  patient  now  or  to  the 
members  of  society  who  are  at  the  highest  risk. 

Proposed  Course  of  Research 

Project  1.   This  project,  in  collaboration  with  Prof.  Hans  Lov,  is  concerned 
with  transmembranous  NADH  dehydrogenases  in  normal  and  cancer  cells.   There 
is  good  evidence  that  these  enzymes  are  imbeded  in  the  membrane  and  regulate 
ionic  equilibria  through  release  or  transfer  of  protons.   They  are  particu- 
larly interesting  in  that  they  are  inhibited  by  insulin.   One  assay  method 
used  for  erythrocyte  membranes  is  ferricyanide  reductase  activity  although 
a  number  of  other  proton  acceptors  may  be  used.   Because  it  is  extremely  dif- 
ficult to  quantitatively  prepare  isolated  cell  membranes  from  most  mammalian 
cells,  we  have  recently  developed  two  assay  methods  using  cells  in  situ.   The 
first  of  these  is  the  reduction  of  ruthenium  red  which  forms  a  solid  coating 
at  the  surface  of  the  cell.   The  activity  may  be  measured  by  microspectro- 
photometry  or  by  determining  the  thickness  of  the  reduced  layer  quantita- 
tively from  electron  photomicrographs.   A  second  method  is  available  using 
the  changes  in  NAD-NADH  fluorescence  in  the  individual  cells  by  means  of 
extremely  high  resolution  microspectrof luorometry.   A  cellular  system  con- 
sisting of  transformed  and  nontransf ormed  cells  will  be  used  for  initial 
studies,  but  as  soon  as  possible  the  assay  will  be  applied  to  single  cells 
obtained  from  breast  cancers  by  fine  needle  aspiration.   Equipment  and  facil- 
ities for  this  work  are  available  at  the  Karolinska  Hospital,  Stockholm, 
Sweden. 
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Project  2.   In  collaboration  with  Prof.  Benjamin  Trump  of  the  University  of 
Maryland,  a  series  of  studies  are  planned  for  the  study  of  metaplasia  and 
dysplasia  of  the  human  uterine  cervix.   Earlier  studies  have  shown  that  the 
cellular  kinetics  of  the  uterine  cervix  may  be  considerably  different  than 
supposed  and  that  it  is  possible  to  study  these  kinetics  in  surgical  speci- 
mens and  in  cultures  of  cervical  tissues  (not  cells). 
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acid  structure  involved  in  the  control  of  transcription  initiation  &  termination 


as  well  as  translational  expression  of  various  RNA  transcription  products. 
Using  recombinant  DNA  techniques  we  have  been  able  to  examine  the  relationship 
between  regulatory  function  and  DNA  sequence  in  a  variety  of  bacterial  and  viral 
operon  control  regions.   The  characterization  of  mutants  which  affect  both  tran- 
scriptional and  translational  expression  in  these  regions  has  afforded  informa- 
tion on  the  precise  molecular  events  which  lead  to  control  element  function. 

We  have  used  a  variety  of  defined  prokaryotic  mRNAs  to  examine  the  requirements 
for  translation  in  a  eukaryotic  cell-free  system.   Our  results  indicate  that 
analogous  to  many  eukaryotic  mRNAs,  efficient  translation  of  the  prokaryotic 
mRNAs  is  obtained  only  upon  modification  of  their  5'  termini  with  a  7-CH3- 
guanosine  "cap"  structure. 

In  collaboration,  we  have  also  been  characterizing  a  172  bp  DNA  segment  which 
is  repeated  millions  of  times  in  the  genome  of  the  African  Green  Monkey. 
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Project  Description: 
Objectives: 

1.  To  examine  the  relationship  between  function  and  DNA  structure  involved 
in  the  control  of  transcription  initiation  and  termination  of  RNA  synthesis, 
as  well  as  in  the  translational  expression  of  these  mRNAs. 

2.  To  examine  nuclei  acid  structure  and  function  of  IS2  type  insertion  ele- 
ments found  in  the  bacterial  genome. 

3.  To  examine  certain  highly  reiterated  DNA  sequences  in  the  monkey  genome 
and  their  interaction  with  simian  virus  40. 

4.  To  investigate  the  ability  of  defined  bacterial  and  phage  mRNAs  to  be 
efficiently  translated  in  eukaryotic  cell-free  systems. 

5.  To  develop  new  techniques  which  can  be  applied  to  both  these  studies  and 
to  the  general  examination  of  nucleic  acid  structure  in  other  biological 
systems. 

Methods  Employed: 

Purification  of  specific  RNA  transcripts  synthesized  either  in  vivo  or 
in  vitro;  nucleic  acid  sequence  analysis  of  both  RNA  and  DNA;  primed  exten- 
sion of  RNA  transcription  products  with  deoxyribonucleotides;  isolation  of 
protein  factors  involved  either  in  the  processes  of  transcriptional  termi- 
nation or  post-transcriptional  modification  of  RNA;  isolation  of  purified 
DNA  restriction  enzymes  and  their  employment  in  obtaining  specific  purified 
fragments  of  both  viral  and  cellular  DNAs. 

Major  Findings: 

1.   The  nucleic  acid  primary  structure  at  the  termini  of  the  bacteriophage 
T7  "early"  mRNAs  synthesized  both  in  vivo  and  in  vitro  have  been  examined. 
The  sequence  information  obtained  supports  a  model  for  transcription  of 
the  "early"  region  in  which  a  high  molecular  weight  precursor  RNA  molecule 
is  post-transcriptionally  processed  to  yield  monocistronic  messengers.   The 
processing  agent  is  a  host  specific  endonuclease,  ribonuclease  III,  which 
is  also  involved  in  the  post-transcriptional  processing  of  a  ribosomal  RNA 
precursor  in  E_.  coli.   Thus,  it  was  shown  that  the  T7  "early"  RNAs  are 
direct  products  of  RNase  III  cleavage  of  a  large  polycistronic  precursor 
molelcule. 
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In  addition,  we  demonstrated  that  the  31 -termini  of  the  processed  RNAs 
contained  sequence  heterogeneity  arising  from  the  addition  of  several  (up 
to  5)  adenylate  residues  to  the  3'-end.   These  A  additions  appear  to  be  a 
nontemplate  specified,  post-transcriptional,  post-processing,  modification 
of  the  RNA. 

In  an  effort  to  further  elucidate  the  mode  of  action  of  RNase  III  in 
the  processing  event,  as  well  as  examine  the  entire  structure  of  an  inter- 
cistronic  region  of  the  phage,  we  have  now  isolated  and  sequenced  an  RNA 
fragment  which  traverses  the  region  between  two  adjacent  "early"  T7  genes 
(thereby  spanning  an  RNase  III  cleavage  site). 

Sequence  analysis  of  this  fragment  indicates  that  the  processing 
enzyme  produces  a  single  endonucleolytic  cleavage  in  this  region  giving 
rise  directly  to  the  GO. 3  and  GO. 7  mRNAs.   In  addition,  the  3' -terminal 
adenylic  acid  residues  observed  previously  on  the  in  vivo  T7  early  RNA 
species  were  not  found  in  these  fragments  and,  therefore,  must  represent 
a  post-transcriptional,  post-processing  modification  of  the  RNA. 

The  secondary  structure  of  this  region  is  also  quite  characteristic. 
Two  relatively  stable  base-paired  stretches  of  RNA  adjoin  the  cleavage  site 
in  a  somewhat  symetrical  arrangement.   These  double-stranded  regions  appear 
to  be  required  for  recognition  of  the  cleavage  site  by  RNase  III.   The  site 
of  scission  however  is  located  in  a  small  region  of  RNA  set  between  the 
double-stranded  regions.   This  project  has  been  terminated. 

2.   The  nucleic  acid  structure  of  the  3' -terminal  regions  of  a  number  of 
RNA  transcripts  synthesized  _in  vitro  from  A  and  X  gal  transducing  phages 
are  being  examined.   These  RNAs  represent  both  independently  terminated 
transcription  products  as  well  as  transcripts  requiring  the  protein  factor, 
Rho,  for  their  termination.   Sequence  analysis  at  the  3' -ends  of  some  of 
these  products  has  indicated: 

a)  that  all  of  the  transcripts  examined  possess  similar  degrees  of  3'- 
terminal  sequence  heterogeneity  which  consisted  predominately  of  the  addi- 
tion of  1  to  5  adenylate  residues  to  the  3' -terminus  of  the  transcript  and 

b)  that  rho  factor  enhanced  termination  results  in  a  definite  struc- 
tural change  in  the  nucleotide  sequence  with  which  an  RNA  molecule  can 
terminate. 

In  addition,  we  have  developed  a  new  methodology  for  examining  the 
nucleic  acid  structure  in  the  untranscribed  portion  of  the  DNA  immediately 
adjacent  to  the  3* -terminus  of  an  RNA  transcript.   This  technique  has  been 
applied  to  the  determination  of  sequence  information  throughout  the  entire 
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termination  region  of  these  transcription  products.   Little  structional 
homology  is  apparent  in  the  template  DNA  beyond  the  3' -ends  of  these  tran- 
scripts.  The  lack  of  homology  suggests  that  this  region  might  not  be  im- 
portant to  the  termination  process.   Thus,  the  majority  of  the  encoded 
termination  signal  is  transcribed  into  RNA. 

More  recently  we  have  determined  the  DNA  sequence  surrounding  and 
examined  termination  at  a  totally  rho  dependent  site  (tRi)  in  bacteriophage 
A.   The  DNA  composition  at  tpj  is  75%  AT  base  pairs  and  termination  occurs 
heterogeneously  over  four  adjacent  base  pairs.   No  GC  rich  or  U  rich  sequence 
is  found  at  the  3'0H  end  of  the  RNA.   This  sequence  is  quite  different  from 
other  transcripts  that  terminate  independently  of  Rho.   However,  there  is  a 
stable  base-paired  stem  and  loop  structure  near  the  end  of  this  RNA. 

In  the  absence  of  Rho  factor  with  normal  transcription  conditions  (i.e. 
37°  and  high  triphosphate  levels),  RNA  polymerase  undergoes  a  substantial 
pause  at  this  site.   A  mutation,  cnc,  that  interferes  with  base  pairing  in 
the  stem  and  loop,  has  two  effects  on  transcription:  RNA  polymerase  does  not 
pause  in  the  absence  of  Rho  and  transcription  does  not  terminate  in  the  pre- 
sence of  Rho.   This  suggests  that  the  stem  and  loop  induces  RNA  polymerase 
to  pause,  and  that  a  paused  polymerase  is  important  for  Rho  action. 

We  have  now  completed  a  far  more  extensive  characterization  of  the 
entire  intercistronic  region  in  which  this  termination  site  is  positioned. 
A  number  of  related  transcriptional  and  translational  regulatory  elements 
have  been  defined  in  this  region.   More  mutations  affecting  terminator 
function  have  been  characterized.   In  addition,  we  have  defined  a  site 
(NutR)  located  immediately  preceeding  the  terminator  which  is  apparently 
involved  in  anti-termination  function.   We  have  shown  that  the  viral  func- 
tion, N,  acts  in  some  way  to  prevent  termination  (i.e.  anti-terminate)  at 
the  t^j  site  thereby  allowing  for  the  quantitative  and  temporal  control  of 
transcription  through  this  intercistronic  region  (i.e.  transcription  attenu- 
ation).  Our  data  indicate  that  the  NutR  site  compriser  an  M7  nucleotide 
sequence  which  displays  a  hyphenated  two  fold  rotational  symmetry.   This 
site  is  in  some  way  involved  in  N  protein  recognition  prior  to  the  action 
of  N  at  the  various  downstream  termination  sites. 

3.   The  c_17  mutation  of  bacteriophage  A  is  known  to  create  a  new  promoter 
wite  within  the  X   genome  for  transcription  by  the  host  RNA  polymerase.   We 
have  determined  the  nucleic  acid  sequence  and  examined  in_  vitro  RNA  tran- 
scription in  the  region  within  and  surrounding  the  cl7  promoter.   Structural 
analysis  indicated  that  the  new  promoter  is  created  by  a  tandem  DNA  dupli- 
cation of  nine  consecutive  base  pairs  which  comprise  part  of  a  rho-dependent 
termination  signal  (tj^)  in  the  X   genome.   Polymerase  protection  studies 
indicate  that. the  t^  terminator  region,  positioned  15-50  residues  5'  to 
the  cl7  initiation  site,  overlaps  with  the  cl7  promoter  and  possibly  serves 
as  a  recognition  signal  for  those  polymerase  molecules  which  start  tran- 
scription at  the  c_17  promoter.   The  9  bp  DNA  duplication  uniquely  creates 
a  "heptamer"  sequence,  TATAATT,  (similar  to  those  found  in  other  promoter 
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sites)  at  the  junction  of  the  repeat.   Our  studies  indicate  that  RNA  poly- 
merase will  bind  efficiently  at  this  site  and  initiate  transcription  6  bp 
to  the  right  of  this  heptamer  sequence  with  a  cytidine  triphosphate  (CTP). 
Although  potential  purine  startpoints  occur  4  and  8  bp  from  the  heptamer, 
little  if  any  initiation  occurs  from  these  sites.   This  suggests  that  at 
the  cl7  promoter  the  steric  constraints  on  promoter  function  outweigh  the 
necessity  for  RNA  polymerase  to  initiate  transcription  with  a  purine  tri- 
phosphate.  A  number  of  secondary  mutations  which  effect  the  cl7  promoter 
(kindly  supplied  by  the  laboratories  of  D.  Wulff  and  D.  Friedman)  are  pre- 
sently under  study. 

4.   The  galactose  operon  of  E_.  coli  is  subject  to  both  negative  control  by 
gal  repressor  and  positive  control  by  cAMP  and  its  receptor  protein  (CRP). 
We  have  sought  to  define  the  nucleotide  sequence  of  the  promoter-operator 
sites  responsible  for  gal  regulation.   Analysis  of  transcripts  of  restric- 
tion fragments  combined  with  direct  DNA  sequencing  enabled  us  to  derive 
the  sequence  for  the  gal  regulatory  region.   Cleavage  by  restriction  endo- 
nuclease  Hin  f  abolishes  cAMP-CRP  dependent  but  not  CRP  independent  tran- 
scription.  Formation  of  a  cAMP-CRP  dependent  preinitiation  complex  prevents 
cleavage  by  Hin  f.   Thus  the  region  upstream  of  the  Hin  f  site  is  important 
for  cAMP-CRP  stimulation  of  transcription.   This  region  contains  sequence 
similarities  with  the  CRP  recognition  site  of  lac.   One  gal  operator  cons- 
titutive mutant  is  resistant  to  Hin  f  cleavage  suggesting  the  operator  may 
include  at  least  part  of  the  Hin  f  site.   Further  analyses  are  required  to 
confirm  this  possibility. 

In  addition,  we  have  been  using  an  RNA-dependent  E.  coli  S30  transla- 
tion system  to  examine  the  translational  efficiencies  of  in  vitro  synthe- 
sized mRNAs.   Because  the  products  of  both  the  transcription  and  transla- 
tion reactions  can  be  separately  quantitated,  the  amount  of  protein  produced 
per  mole  of  a  specific  mRNA  can  be  determined.   Using  this  method,  we  have 
compared  the  relative  translational  efficiencies  of  two  different  mRNA  tran- 
scripts of  the  E.  coli  galactose  operon:  the  CRP-cAMP  dependent  mRNA  (PI), 
and  the  CRP-cAMP  independent  mRNA  (P2).   Our  results  show  that  the  P2  mRNA 
translates  epimerase,  the  5'  proximal  gene  product  of  the  gal  operon,  4x 
more  efficiently  than  does  the  PI  transcript,  while  the  5'  distal  gene  pro- 
duct kinase  is  translated  with  equal  efficiency.   Since  the  P2  transcript 
differs  from  the  PI  transcript  only  by  the  addition  of  5  nucleotides  at 
the  5'  terminus,  and  these  nucleotides  are  outside  of  the  ribosome  binding 
region  for  epimerase,  the  selective  difference  in  the  translational  effi- 
ciency of  epimerase  may  be  mediated  by  RNA  conformation.   It  is  known  that 
in  cells  deficient  in  cAMP,  the  ratio  of  epimerase  to  kinase  is  about  4x 
higher  than  in  cells  containing  cAMP  -  a  phenomenon  called  discoordinate 
expression.   Moreover,  cells  deficient  in  cAMP  are  thought  to  produce  only 
gal  P2  mRNA,  whereas  cells  with  cAMP  produce  only  PI  mRNA.   Thus,  discoor- 
dinate expression  is  explained  by  our  observation  that  the  P2  transcript 
produces  4x  more  epimerase,  but  a  similar  amount  of  kinase,  as  the  PI 
transcript. 
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5.  Between  10  and  20  percent  of  the  genome  of  the  African  Green  monkey  is 
a  singly  highly  repetitive  class  of  DNA  termed  a-component.   The  bulk  of 
the  a-component  consists  of  long  tandem  repeats  of  a  segment  that  is  172 
bp  in  length.   A  single  endo  R  Hindlll  site  occurs  within  most  of  the  172 
bp  repeats  permitting  isolation  of  the  monomeric  unit.   An  unambiguous 
sequence  defining  the  most  abundant  nucleotide  at  each  of  the  172  positions 
in  the  monomer  has  been  determined  by  both  direct  DNA  and  cRNA-f ingerprint 
methods.   However,  the  data  indicate  that  the  many  repeats  of  the  172  bp 
monomer  unit  are  not  identical.   Thus,  the  highly  repeated  DNA  component 

is  a  set  of  closely  related  sequences  differing  from  one  another  at  one  or 
a  few  residues:  the  sequence  divergence  appears  to  be  nonrandom.   Neither 
the  number  of  members  in  the  set  nor  their  relative  frequency  is  known. 
The  data  do  show  that  the  most  abundant  residue  at  each  position  occurs 
in  at  least  90  percent  of  the  members  of  the  set.   Nevertheless,  it  is 
important  to  note  that  the  determined  sequence  may  not  represent  the  struc- 
ture of  any  member  of  the  set. 

Some  of  the  defective  variants  of  SV40  that  arise  upon  high  multipli- 
city serial  passage  of  virus  in  African  Green  monkey  cells  contain  co- 
valently  linked  monkey  and  wild  type  viral  DNA  sequences.   In  a  large  pro- 
portion of  these  recombinant  (substituted)  variants  a  portion  of  the  monkey 
DNA  is  homologous  to  a -component.   We  have  compared  the  nucleotide  sequence 
of  the  monomer  of  a-component  with  that  of  the  homologous  sequences  in  two 
independently  derived  defective  variants.   In  each  of  the  two  variants  the 
homologous  sequences  differ  from  one  another  in  length  and  are  less  than  a 
complete  copy  of  the  172  bp  fragment  but  represent  overlapping  portions  of 
the  monomer.   Within  the  region  of  the  monomer  common  to  both  defectives 
there  are  variations  in  sequence  in  a  few  residues,  suggesting  that  differ- 
ent members  of  the  set  of  sequences  comprising  the  monomer  may  have  been 
incorporated  in  each  case.   In  several  instances  the  sequence  data  define 
joints  between  a -component  monomer  sequence  and  other  sequences.   In  some 
cases  the  joints  are  with  wild  type  SV40  DNA  and  in  others  the  jointed 
component  may  represent  low  reiteration  frequency  monkey  DNA. 

The  mechanism(s)  by  which  the  SV40-monkey  recombinants  arise  is  not 
understood.   Both  hybridization  experiments  and  sequence  data  show  that 
the  monomer  has  no  extensive  homology  to  wild  type  SV40  sequences:  there 
are  however  short  regions  of  homology  near  the  joints  as  well  as  in  other 
regions  of  the  monomer.   These  homologies  as  well  as  certain  other  features 
of  the  sequences  surrounding  the  joints  may  be  involved  in  the  recombina- 
tional  events  leading  to  formation  of  defective  viruses. 

6.  Utilizing  defined  bacterial  and  phage  mRNAs  transcribed  _in  vitro  from  a 
variety  of  lambdoid  phages,  we  have  investigated  the  relationship  between 
the  modification  of  5'  triphosphate  end  of  these  transcripts  with  a  7- 
methyl-guanosine  moiety  (i.e.  "cap"  structure)  and  the  translational  effi- 
ciency of  these  prokaryotic  mRNAs  in  wheat  germ  cell-free  extracts.   Our 
results  demonstrate  an  almost  absolute  requirement  for  the  "cap"  structure 
to  obtain  efficient  translation  of  the  prokaryotic  transcripts.   The  pro- 
karyotic mRNAs  containing  the  "cap"  are,  in  fact,  translated  as  or  more 
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efficiently  than  homoglobulin  mRNA  on  a  per  mole  basis.   It  appears  that 
all  the  structural  information  necessary  for  proper  and  efficient  recogni- 
tion and  translation  of  prokaryotic  mRNAs  using  eukaryotic  components  is 
encoded  in  the  prokaryotic  transcript  except  for  the  presence  of  the  5' 
7-methyl-guanosine  modification.   This  implies  strong  evolutionary  con- 
straints on  the  RNA  structure  which  is  used  for  ribosome  recognition  and 
translation  initiation,  as  well  as  similar  constraints  on  those  parts  of 
the  ribosome  which  must  interact  with  this  RNA  structure. 

7.   The  lambda  ell  gene  product  is  known  to  be  required  in  vivo  for  tran- 
scriptional activation  of  both  the  lambda  repressor  gene  (cl)  and  the 
integrase  function  (int).   This  activation  is  essential  for  phage  lysogenic 
development. 

We  have  selectively  cloned  the  lambda  ell  gene  onto  a  pBR322  deriva- 
tive such  that  ell  expression  is  under  the  control  of  the  lambda  Pl  promoter. 
Transformation  of  this  plasmid  into  certain  bacterial  hosts  results  in  high 
level  expression  and  accumulation  of  the  ell  product  (^  1%  of  total  cellular 
protein).   This  single  polypeptide  product  was  purified  to  >  95%  homogeneity 
(in  mg  quantities). 

Standard  in  vitro  transcription  reactions  were  then  carried  out  in  the 
presence  and  absense  of  the  purified  ell  protein  using  as  templates  appro- 
priate lambda  DNA  fragments  which  contain  the  promoter  sites  for  repressor 
(pRE)  and  integrase  (Pj)  synthesis.   Polyacrylamide  gel  and  fingerprint 
analyses  were  used  to  characterize  the  RNA  transcription  products  and  their 
5'  start-sites.   The  results  indicate  that  ell  protein  alone  allows  RNA 
polymerase  to  selectively  bind  and  initiate  transcription  from  these  two 
promoter  sites.   In  the  case  of  the  Pre  promoter,  ell  dependent  polymerase 
binding  and  transcription  were  eliminated  by  using  DNA  templates  which  con- 
tained various  cY  point  mutations.   Other  studies  using  the  purified  ell 
protein  will  be  described. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute : 

National  Cancer  Plan  Objective  3,  Approach  1.   The  regulation  of  gene 
expression  in  both  prokaryotic  and  eukaryotic  systems  involves  numerous  and 
complex  structural  and  functional  interactions  between  nucleic  acids  and 
proteins.   It  is  highly  probable  (and  experimental  evidence  increasingly 
supports  the  contention)  that  many  of  the  nucleic  acid  fine-structure  in- 
teractions which  occur  on  the  prokaryotic  level  have  basic  similarities  to 
analogous  type  interactions  known  to  occur  in  higher  cells.   Our  studies 
invlove  the  determination  of  the  nucleic  acid  structure  involved  in  the 
control  of  the  initiation  and  termination  of  transcription  by  RNA  polymerase 
and  the  post-transcriptional  processing  of  certain  RNA  species  by  specific 
endonucleases  (e.g.  RNase  III)  in  both  bacterial  and  related  viral  systems. 
The  elucidation  of  these  transcriptional  processes  and  their  regulatory 
elements  will  be  a  basis  for  understanding  similar  processes  occurring  in 
eukaryotic  cells  (both  normal  and  transformed)  and  virus  (oncogenic  and 
other). 
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Proposed  Course: 


To  examine  the  mechanisms  by  which  RNA  transcripts  are  initiated,  ter- 
minated and  subsequently  processed  during  the  cellular  and  viral  life  cycle 
and  to  investigate  further  the  structure-function  relationships  involved  in 
a  variety  of  nucleic  acid-protein  interactions. 
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SUMMARY  STATEMENT 

LABORATORY  OF  MOLECULAR  BIOLOGY 

DCBD,  NCI 

October  1,  1979  through  September  30,  1980 

Research  in  the  Laboratory  of  Molecular  Biology  continues  to  be 
focused  on  understanding  factors  that  control  the  behavior  of  both  animal 
cells  and  bacterial  cells  and  in  using  this  information  to  try  to  understand 
the  abnormal  behavior  of  cancer  cells. 

Office  of  the  Chief: 

1.  The  60,000  molecular  weight  protein  that  is  the  product  of  the  trans- 
forming gene  of  Rous  sarcoma  virus  is  being  purified  and  characterized 

by  N.  Richert  and  D.  Blithe.   Using  antisera  to  this  protein  M.  Willingham 
has  shown  it  to  be  localized  to  the  inner  surface  of  the  plasma  membrane 
and  particularly  concentrated  at  gap  junctions.   He  has  also  shown  the 
transforming  protein  of  Kirsten  sarcoma  virus  is  located  at  the  inner 
aspect  of  the  plasma  membrane,  but  in  a  different  distribution  from 
the  avian  sarcoma  virus  protein.   This  indicates  the  two  transforming 
proteins  probably  function  in  a  basically  similar  way  to  affect  cell 
shape  and  cell  growth.   M.  Sobel  and  T.  Yamamato  have  isolated  cDNA 
clones  of  collagen  genes  and  J.  Fagan  of  the  fibronectin  gene.   The 
cDNAs  have  been  used  to  measure  messenger  RNA  levels  for  these  proteins 
in  RSV  transformed  cells.   Collagen  and  fibronectin  mRNAs  are  specifically 
decreased  in  RSV  transformed  cells.   Using  temperature  sensitive  mutants 
of  Rous  sarcoma  virus  they  have  evidence  that  the  action  of  the  transforming 
gene  product  on  the  regulation  of  these  messenger  RNAs  is  indirect, 
probably  mediated  through  the  plasma  membrane.   T.  Yamamato  has  also 
isolated  a  cDNA  clone  of  the  common  (c_)  region  of  avian  sarcoma  virus 
and  shown  that  the  common  region  is  a  regulatory  region  at  which  RNA 
polymerase  initiates  transcription  of  the  avian  sarcoma  virus  genome. 

2.  F.  Maxf ield  and  R.  Dixon  have  investigated  the  internalization  of 
ot„-macroglobulin.   They  have  characterized  the  nature  of  the  binding 

or  this  ligand  to  the  cell  membrane  and  its  degradation  within  the  cell. 
M.  Willingham  and  I.  Pastan  have  investigated  the  pathway  of  a.-macroglo- 
bulin  internalization  and  have  identified  a  new  organelle,  the  receptosome, 
that  transfers  the  ligand  from  coated  pits  in  the  cell  membrane  to  the 
Golgi  region.   The  receptosome  probably  mediates  the  entry  of  substances 
such  as  insulin,  epidermal  growth  factor,  triiodo-L-thyronine,  viruses 
and  lysosomal  enzymes.   It  is  a  fundamental  unit  of  cell  organization. 
Its  function  is  to  bring  substances  into  the  cell  preventing  their 
destruction  by  lysosomes. 

3.  M.  Willingham  has  continued  his  studies  of  the  localization  of  various 
proteins  in  cells  using  his  new  electron  microscopic  immunological 
localization  procedure.   He  has  now  applied  the  procedure  to  tubulin, 
actin,  filamin,  100  A  filament  protein  and  other  proteins.   Using  this 
method  he  is  developing  a  micro-anatomy  of  the  fibroblast  which  should 
help  to  explain  the  anatomical  basis  of  its  behavior. 
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4.  T.  Singh,  A.  LeCam,  and  J.  Nicolas  have  been  studying  the  biochemical 
alterations  in  cyclic  AMP  resistant  mutants  of  CHO  cells  isolated  by 
M.M.  Gottesman.   These  mutants  have  alterations  in  their  protein 
phosphorylation  pattern  measured  in  vivo  and  rn  vitro  and  contain 
abnormalities  affecting  both  protein  kinase  1  and  protein  kinase  2. 

A  number  of  different  types  of  mutations  affecting  protein  kinases  have 
already  been  identified  and  these  were  predicted  on  the  basis  of  genetic 
analyses.   On  the  basis  of  complementation  studies  we  expect  that  many 
other  biochemical  abnormalities  will  be  revealed  in  analyses  of  cyclic 
AMP  resistant  cells  in  the  future. 

5.  K.  Yamada  has  continued  his  work  on  the  function  and  structure  of 

the  adhesive  protein  fibronectin.   He  has  identified  a  number  of  structural 
domains  within  the  protein  that  bind  collagen,  heparin  and  glycosaminogly- 
cans.   His  evidence  suggests  that  fibronectin  mediates  a  variety  of 
cellular  adhesive  events  by  binding  to  these  different  molecules.   He 
has  also  begun  studies  to  examine  the  alterations  in  fibronectin  production 
in  various  physiological  and  differentiated  states. 

Research  in  the  Gene  Regulation  Section  of  the  Laboratory  of  Molecular 
Biology  can  be  subdivided  along  five  lines: 

Studies  of  the  control  of  differentiation  of  fibroblasts. 

To  study  the  regulation  of  a  differentiation-specific  gene,  H. 
Ohkubo,  G.  Vogeli,  M.  Mudry j ,  E.  Avvedimento,  and  B.  de  Crombrugghe 
have  isolated  the  chick  a2  collagen  gene.   The  remarkable  feature  of 
this  gene  is  that  the  coding  sequences  (with  a  few  exceptions)  are  small 
and  have  the  same  size.   This  result  suggests  that  this  gene  arose  by 
amplification  of  a  small  coding  sequence  of  unique  size,  probably  by 
recombination  within  introns.   E.  Avvedimento  has  examined  one  small 
intron  in  the  chick  oc2  collagen  gene  and  has  found  that  this  intron 
is  removed  in  more  than  one  step  by  successive  splicing  events.   He 
found  a  correlation  between  the  location  of  these  internal  splice  sites 
and  the  sequences  which  are  complementary  with  the  5'  end  of  a  small 
nuclear  RNA,  known  as  Ul  RNA. 

M.  Sobel  has  shown  that  phorbol  esters  decrease  the  levels  of  collagen 

mRNA.   This  is  one  of  the  pleiotropic  effects  of  phorbol  esters  on  cultured 

chick  cells.   Phorbol  esters  mimic  a  number  of  the  effects  of  transforming 

viruses  such  as  RSV.    M.  Sobel  also  showed  that  expression  of  p60- — , 

the  transforming  protein  of  RSV,  causes  a  severe  decrease  in  collagen 

src  • 

mRNA  levels.   Inactivation  of  pbtt1^—   m  cells  infected  with  a  temperature 

sensitive  mutant  of  RSV  results  in  an  increase  in  collagen  mRNA  levels, 

but  there  is  a  ten  hour  lag  before  this  increase  is  detectable.   This 

result  is  in  contrast  to  the  morphological  and  other  changes  in  these 

src.     •    t 
cells  which  take  place  immediately  after  p60     inactivation. 
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E.  Awedimento  and  Y.  Yamada  showed  that  the  levels  of  the  nuclear 
precursors  for  collagen  mRNA  are  severely  decreased  in  in  Rous  sarcoma 
virus  transformed  cells,  suggesting  that  control  of  collagen  synthesis 
occurs  at  the  level  of  transcription. 

Construction  of  vectors  to  study  the  expression  and  the  control 
of  eucaryotic  genes 

B.  Howard  has  constructed  a  bifunctional  vector  which  combines 
elements  of  the  procaryotic  plasmid  pBR322  and  the  mammalian  virus  SV40. 
He  has  shown  that  the  globin  structural  gene  was  expressed  under  the 
control  of  the  SV40  early  promoter. 

Isolation  and  characterization  of  mutant  CHO  cells  with  altered 
cellular  behavior 

F.  Cabral  and  M.  M.  Gottesman  have  shown  that  many  of  the  mutants 
which  they  have  isolated  with  altered  B-tubulin  are  temperature  sensitive 
for  growth.   A  class  of  temperature-resistant  revertants  has  lost  the 
mutant  tubulin. 

M.  M.  Gottesman,  and  C.  Roth,  have  isolated  a  number  of  cyclic 
AMP-resistant  mutants.   Most  of  these  have  an  altered  cAMP-dependent 
protein  kinase.   A.  LeCam  demonstrated  alterations  in  the  pattern  of 
phosphorylated  proteins  of  these  mutants,  both  in  intact  cells  and  in 
cell-free  extracts. 

F.  Cabral  and  M.  M.  Gottesman  have  demonstrated  that  intermediate 
filaments  in  CHO  cells  are  composed  of  a  58,000  M-  protein,  that  this 
protein  is  phosphorylated  in  intact  cells,  and  that  intermediate  filaments 
can  be  reconstituted  _in  vitro  with  purified  58,000  protein. 

C.  Roth  and  M.  M.  Gottesman  have  transformed  flat  revertant  CHO 
cells  with  Rous  sarcoma  virus  and  have  isolated  phenotypically  non- 
transformed  revertants  of  the  latter.   In  some  of  these  revertants, 
the  viral  genome  is  still  present  in  the  cells  but  the  expression  of 
the  transforming  function  is  altered. 

M.  M.  Gottesman  has  shown  that  cultured  mouse  cells  transformed 
by  RNA  or  DNA  tumor  viruses,  or  a  chemical  agent,  secrete  much  larger 
amounts  of  a  35,000  M-  glycoprotein  than  non-transformed  fibroblasts. 
Tumor  promoters  stimulate  the  synthesis  of  this  protein  in  normal  fibro- 
blasts due  to  an  increase  in  the  levels  of  translatable  mRNA  for  this 
protein. 

Mammary  gland  carcinogenesis 

G.  Smith  has  shown  that  A  particles  contain  MMTV  specific  RNA 
sequences  but  that  the  DNA  which  they  contain  is  not  viral  specific. 
He  also  showed  that  these  particles  contain  a  DNA  binding  protein  and 
a  topoisomerase  activity. 
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DNA  binding  site  for  the  E.  coli  cyclic  AMP  receptor  protein  and 
study  of  its  mode  of  action 

B.  de  Crombrugghe,  S.  Busby,  H.  Aiba,  and  M.  O'Neill  (Univ.  of  Maryland) 
have  constructed  vectors  which  can  be  used  for  site  specific  mutagenesis  of 
the  promoter  of  the  galactose  operon.   They  have  found  that  CRP  binds  to  DNA 
at  different  distances  from  the  initiation  site  for  transcription  in  the  lac 
and  gal  operon  although  the  sequences  which  are  recognized  have  striking 
similarities.   They  have  proposed  that  the  two  subunits  of  CRP  recognize 
inverted  repeat  sequences. 

Summary  of  Research  in  Cell  Organization  Section 

S.  Wollman  and  coworkers  have  continued  their  studies  on  the  organization 
of  thyroid  tissue  as  well  as  thyroid  cells.   L.  Nitsch  and  S.  Wollman  have 
been  able  to  propogate  thyroid  cells  in  suspension  culture  and  use  this 
system  to  study  cell  behavior  and  organization.   One  unexpected  finding 
was  that  the  cells  can  change  polarity  in  culture  with  surface  features 
changing  first  and  colloid  resorption  being  an  end  stage  feature. 

Research  in  the  Biochemical  Genetics  Section 

D.  Court  and  U.  Schmeissner  have  precisely  mapped  the  location 
of  the  bacteriophage  lambda  hin  function  on  the  viral  genome.   This 
function  a.  lowers  bacterial  cyclic  AMP  levels,  b.  blocks  transport  of 
nucleosides,  deoxynucleosides  and  certain  amino  acids,  c.  raises  ppGpp 
levels,  and  d.   stabilizes  the  viral  mRNA.   They  have  also  located  and 
sequenced  the  initiation  region  of  the  lambda  pre  transcript,  which 
is  responsible  for  the  establishment  of  viral  lysogeny.   The  location 
of  the  lambda  transcription  terminator,  tD1 ,  has  also  been  determined. 

S.  Gottesman,  P.  Trisler ,  M.  Gottesman,  and  S.  Mizusawa  have  studied 
the  genetics  of  protein  degradation  in  E.  coli ■   The  bacterial  Ion  mutation 
has  been  shown  to  reduce  the  rate  of  decay  of  the  lambda  positive  control 
function  pN,  but  to  increase  the  rate  of  degradation  of  pel  I,  another 
positive  control  function.   These  are  the  first  normal  proteins  shown 
to  be  influenced  by  the  Ion  degradative  pathway.   Certain  mutations 
in  the  bacterial  rho  gene  cause  hyperdegradation  of  lambda  raissence 
proteins.   The  latter  degradation  pathway  appears  to  be  independent 
of  the  Ion  pathway.   Fusions  between  lacZ  and  a  number  of  operons  under 
Ion  control  have  been  constructed;  they  should  simplify  the  study  of 
the  control  of  these  operons. 

S.  Gottesman,  P.  Trisler  and  K.  Abremski  have  found  that  the  lambda 
excisive  recombination  function,  Xis,  can  be  partially  replaced  in  vivo 
by  the  host  recombination  function,  himA.   In  vitro,  Xis  can  be  bypassed 
by  another  lambda  site  specific  function,  Int;  at  low  ionic  strength 
of  the  reaction  mixture. 
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S.  Wickner  and  M.  Yamaguchi  have  demonstrated  that  the  lambda  replication 
protein,  pP,  complexes  with  E.  coli  dnaB  protein.   Host  groP  mutants 
which  do  not  replicate  lambda,  contain  reduced  amounts  of  dnaB  protein. 
A  lambda  protein  which  stimulated  DNA  synthesis  on  any  double-stranded 
DNA  template  tested  has  been  purified  to  near  homogeneity.   It  is  encoded 
by  a  gene  in  the  phage  j>  -operon. 

M.  Gottesman  and  H.  Miller  have  shown  that  the  E.  coli  himA 
mutation  reduces  the  precise  excision  of  certain  transposons  but  does 
not  affect  transposition  frequency. 

S.  Adhya,  M.  Gottesman,  M.  Irani,  D.  Ward,  E.  Gulletta,  S.  Garges, 
and  0.  Reyes  have  shown  that  the  E.  coli  gal  operon  is  controlled  at 
both  the  transcriptional  and  translational  levels.   The  operon  can  be 
transcribed  from  several  different  promoters,  each  controlled  by  different 
regulatory  mechanisms.   The  translation  of  gal  sequences  in  mRNA  is 
strongly  affected  by  the  5 '-end  of  the  transcript. 
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signals  that  regulates  transcription  but  does  not  code  for  a  protein.   Mutants 
of  CHO  cells  unresponsive  to  cyclic  AMP  have  been  isolated  and  partially 
characterized.   These  mutants  have  various  defects  affecting  both  protein 
kinase  I  and  II. 
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Project  Description: 

Objectives :   To  understand  how  cyclic  AMP  and  transforming  proteins 
control  gene  activity  and  the  behavior  of  cultured  cells. 

Methods  Employed:   Prepare  cloned  cDNAs  to  use  to  study  messenger  RNA 
synthesis  in  intact  cells  or  cell-free  systems.   Isolate  animal  cells  that 
have  mutations  in  the  enzymes  of  cyclic  AMP  metabolism  and  determine  the 
biochemical  basis  of  these  alterations. 

Major  Findings:   Plasmids  containing  DNA  sequences  of  pro  a-1  collagen, 
pro  a-2  collagen,  fibronectin  and  the  common  region  of  avian  sarcoma  virus 
have  been  constructed. 

The  rate  of  increase  of  procollagen  and  fibronectin  mRNA  was  studied 
in  cells  transformed  by  ts  mutants  of  avian  sarcoma  virus.   When  cells  are 
transferred  from  the  permissive  to  non-permissive  temperature,  collagen  and 
fibronectin  mRNA  synthesis  does  not  increase  for  approximately  10  hours. 
This  indicates  that  the  action  of  the  transforming  gene  product  is  not 
directly  on  mRNA  synthesis. 

The  structure  and  sequence  of  the  common  region  of  avian  sarcoma  virus 
has  been  determined  using  two  cDNA  clones.   Analysis  of  their  structure 
indicates  that  the  region  does  not  code  for  proteins.   Instead  it  contains 
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regulatory  sequences  which  regulate  gene  transcription.   Using  a  newly- 
developed  cell-free  transcription  system  it  has  been  shown  that  the  common 
region  will  initiate  transcription  of  RNA  polymerase  II.   Therefore  the 
promoter  for  avian  sarcoma  virus  lies  within  the  common  region.   The  char- 
acteristics of  this  transcription  system  are  now  being  examined. 

Mutants  unresponsive  to  cyclic  AMP  have  been  isolated  and  are  being 
characterized.   It  is  evident  that  most  of  these  mutations  affect  in 
different  ways  protein  kinase.   Defects  in  both  type  1  and  type  2  protein 
kinase  have  been  observed.   Analysis  of  new  mutants  is  currently  underway. 
We  can  conclude  that  normally  functioning  type  1  or  type  2  protein  kinase 
are  not  required  for  cell  survival  and  growth. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
The  invasive  properties  of  tumor  cells  may  be  related  to  alterations  in 
collagen,  fibronectin  and  cyclic  AMP.   Understanding  how  the  synthesis  of 
these  molecules  is  altered  in  transformation  may  suggest  new  methods  of  cancer 
treatment . 

Publications : 

Sobel,  M.E.,  Yamamoto,  T. ,  Adams,  S.L.,  DiLauro,  R. ,  Avvedimento,  V.E., 
de  Crombrugghe,  B. ,  and  Pastan,  I.   Construction  of  a  recombinant  bacterial 
plasmid  containing  a  chick  pro-a2  collagen  gene  sequence.   Proc.  Natl.  Acad. 
Sci. ,  USA,  75:   5846-5850,  1978. 

Evain,  D. ,  Gottesraan,  M. ,  Pastan,  I.,  and  Anderson,  W.B.   A  mutation  affecting 
the  catalytic  subunit  of  cyclic  AMP  dependent  protein  kinase  in  CHO  cells. 
J.  Biol.  Chem.  254:   6931-6937,  1979. 

Yamamoto,  T. ,  Sobel,  M.E.,  Adams,  S.L.,  Avvedimento,  V.E.,  DiLauro,  R. , 
Pastan,  I.,  de  Crombrugghe,  B.,  Showalter,  A.,  Pesciotta,  D. ,  Fietzek,  P., 
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Gottesman,  M.M. ,  LeCam,  A.,  Bukowski ,  M. ,  and  Pastan,  I.   Isolation  of 
multiple  classes  of  mutants  of  CHO  cells  resistant  to  cyclic  AMP.   S oma t . 
Cell  Genetics  6:   ,  1980. 

Howard,  B.H. ,  Adams,  S.L.,  Sobel,  M.E.,  Pastan,  I.,  and  de  Crombrugghe,  B. 
Decreased  levels  of  collagen  mRNA  in  Rous  sarcoma  virus-transformed  chick 
embnyo  fibroblasts.   J.  Biol.  Chem.  253:   5869-5874,  1978. 

Pastan,  I.,  Sobel,  M. ,  Adams,  S.,  Yamada,  K.M. ,  Howard,  B.,  Willingham,  M. , 
and  de  Crombrugghe,  B.   The  use  of  transformed  fibroblastic  cells  as  a  model 
for  differentiation.   In  Differentiation  and  Development,  Tenth  Miami 
Winter  Symposium,  eds.  Ahmad,  F.,  Schultz,  J.,  Russell,  T.R. ,  and  Werner,  R. 
(Academic  Press,  N.Y.),  Vol.  15,  1978  p.  49-54. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  product  of  the  src  gene  of  SR-ASV-D  is  being  purified.   The  transforming 
gene  product  of  Kirsten  sarcoma  virus  has  been  localized  to  the  inner  surface 
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Project  Description: 

Objectives:   To  understand  the  role  of  cyclic  AMP  hormones  and  viral 
gene  products  in  malignant  transformation  and  particularly  how  these  factors 
regulate  the  growth,  morphology,  and  other  properties  of  cultured 
fibroblastic  cells. 

Methods  Employed:   Cell  culture,  viral  transformation  and  standard 
biochemical  analyses  of  the  enzymes  involved  in  cyclic  AMP  metabolism  and 
the  synthesis  of  macromolecules .   Preparation  of  antibodies  against  tumors 
induced  by  Rous  sarcoma  virus. 

Major  Findings:   The  transforming  gene  product  of  Rous  sarcoma  virus 
is  being  purified  in  order  to  study  its  mechanisms  of  action.   The  trans- 
forming gene  product  of  Kirsten  sarcoma  virus  has  been  purified  by  E.  Scolnick 
and  coworkers.   We  have  used  antibodies  to  this  protein  to  localize  it  in 
KiSV  transformed  cells  and  find  it  to  be  localized  to  the  inner  surface  of 
the  plasma  membrane.   However  it  is  diffusely  localized  and  not  concentrated 
at  gap  junctions  as  is  the  Rous  sarcoma  virus  gene  product.   It  is  striking 
that  both  these  transforming  proteins  are  found  in  the  inner  surface  of  the 
plasma  membrane  and  suggest  that  they  have  some  common  mechanism  of  action 
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involving  membrane  changes  and  growth  control. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
National  Cancer  Plan  Objective  3,  Approaches  1,  2  and  5;  Objective  4, 
Approach  2;  Objective  6,  Approach  3.   Various  aspects  of  this  work  will  lead 
to  a  better  understanding  of  how  cells  become  cancer  cells  and  how  the 
growth  of  cancer  cells  is  controlled.   It  also  has  therapeutic  implications. 

Proposed  Course:   To  continue  to  purify  p60  src  and  to  investigate  its 
mechanism  of  action.   To  determine  the  intracellular  location  of  other 
transforming  proteins. 
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of  an  immune  complex  kinase  in  immunoprecipitates  of  avian  sarcoma  virus- 
transformed  fibroblasts.   J.  Virol.  31:   695-706,  1979. 

Richert,  N. ,  Davies,  P. J. A.,  Jay,  G. ,  and  Pastan,  I.H.   Inhibition  of  the 
transformation-specific  kinase  in  ASV  transformed  cells  by  N-a-Tosyl-L-lysyl- 
chloromethyl  ketone.   Cell  18:   369-374,  1979. 

Willingham,  M.C.,  Jay,  G. ,  and  Pastan,  I.   Localization  of  the  avian  sarcoma 
virus  src  gene  product  to  the  plasma  membrane  of  transformed  cells  by  electron 
microscopic  immunocytochemistry .   Cell  18:   125-134,  1979. 

Pastan,  I.,  Jay,  G. ,  Richert,  N. ,  Davies,  P. J. A.,  and  Willingham,  M.  The 
nature  and  intracellular  location  of  the  product  of  the  src  gene  of  avian 
sarcoma  virus.   Cold  Spring  Harbor,  Book,  in  press,  1980. 

Willingham,  M.C.,  Shih,  T. ,  Pastan,  I.,  and  Scolnick,  E.   Localization  of 
the  src  gene  product  of  the  Harvey  strain  of  murine  sarcoma  virus  to  the 
plasma  membrane  of  transformed  cell.   Cell  19:   1005-1014,  1980. 


150 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  CB  08006-09  LMB 


PERIOD  COVERED 

October    1.    1979    through    Sept-embpr    10  J    1 QSO 


TITLE  OF    PROJECT   (80  characters   or  less) 

Control  of  Gene  Expression  in  the  E_.  coli  K12  gal  operon  and  Bacteriophage  X 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 


Sankar  L.  Adhya,  Geneticist 

Max  E.  Gottesman,  Head,  Biochemical  Genetics  Section 


Others:   Meher  Irani,  Visiting  Fellow 
Douglas  Ward,  Visiting  Fellow 
Elio  Gulletta,  Visiting  Fellow 
Susan  Garges,  Microbiologist 
Oscar  Reyes,  Expert  Consultant 


LMB  NCI 

LMB  NCI 

LMB  NCI 
LMB  NCI 
LMB  NCI 
LMB  NCI 
LMB  NCI 


COOPERATING  UNITS  (if  any) 


Carl  Merril,  Biochemist,  LGCB,  NIMH 


LAB/BRANCH 

Laboratory  of  Molecular  Biology 


SECTION 

Biochemical  Genetics  Section 


INSTITUTE  AND  LOCATION 

National  Cancer  Institute,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 

6.0 


PROFESSIONAL: 

6.0 


0.0 


CHECK  APPROPRIATE  BOX(ES) 
Q  (a)   HUMAN  SUBJECTS 

□  (al)  MINORS   □  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


XD  (<0  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  continued  our  study  of  the  expression  of  the  gal  operon  of  E.  coli; 
either  from  the  p_  and  p_  promoters  of  the  gal  operon  or  from  the  p_  or  p_ 
promoters  of  a  neighboring  lambda  prophage.   The  expression  of  operon  is 
strongly  influenced  by  the  promoter  which  is  chosen  for  its  transcripton. 
This  control  is  exerted  at  both  transcriptional  and  translational  levels. 

We  are  also  continuing  our  study  on  the  nature  of  transcription  termination 
in  E.  coli,  and  of  the  mechanism  of  action  of  the  bacteriophage  lambda  anti- 
termination-function,  the  product  of  the  N-gene. 

We  have  also  expanded  our  study  on  the  biochemical  and  physical  character- 
ization of  the  gene  that  controls  the  transcription  termination  facter  Rho. 
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Project  Description: 

Objectives :   The  gal  operon  of  E.  coli  is  normally  subjected  to 
negative  control  by  the  gal  repressor.   In  addition,  the  expression 
of  the  three  cistrons  of  the  gal  operon  is  differentially  affected  by  the 
presence  or  absence  of  the  positive  control  factors,  cyclic  AMP  and 
CRP.   The  operon  can  also  be  transcribed  from  a  prophage  promoter  under  the 
influence  of  the  lambda  gene  N-product.   Under  these  circumstances,  the 
expression  of  the  operon  is  non-coordinate.   We  are  studying  the  factors 
that  control  gal  expression.   The  Rho  factor  contributes  to  transcription 
termination  in  E.  coli.   We  plan  to  completely  characterize  the  gene(s) 
controlling  Rho  synthesis. 

The  lambda  gene  N-product  suppresses  transcription  termination. 
Our  intention  is  to  determine  the  mechanism  of  action  of  N-function. 

Methods  Employed:   Standard  microbial  genetic  and  biochemical  techniques. 

Major  Findings:   (1)   We  have  previously  established  the  base  sequence 
of  the  two  independent  mRNA  start  sites  made  in  vitro  from  the  two 
promoters,  P  and  P  ,  of  the  gal  operon  of  E.  coli  K-12.   We  are  currently 
determining  the  in  vivo  start  sites  of  the  two  transcripts.   To  isolate 
the  5   end  of  the  gal  transcripts,  we  have  cloned  the  corresponding 
gal  DNA  segments  into  vector  plasmids . 
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Our  previous  findings  that  gal  cistrons  are  discordinately  expressed 
from  the  gal  p„  promoter  suggested  intraoperonic  transcription  termination. 
We  cloned  several  gal  DNA  segments  into  plasmid  vectors  for  mRNA  measurements 
by  DNA-RNA  hybridization. 

(2)  When  the  gal  operon  is  transcribed  from  a  phage  lambda  promoter 
e.g.,  £  j  the  galE  cistron  is  transcribed  but  not  translated.   We  proposed 
that  formation  of  mRNA  secondary  structures  at  the  galE  transcription 
initiation  site  prevents  ribosomal  binding  and  galE  translation.   This 
has  been  confirmed  by  showing  that  introduction  of  IS  elements  at  or  near 
the  secondary  structured  region  partically  releases  the  inhibition  of 
galE  translation,  presumably  by  destabilizing  the  secondary  structure 

of  the  mRNA. 

(3)  Our  previously  discovered  "promoter-competition"  phenomenon 
has  been  further  investigated.   A  powerful  promoter  £  ,  located  upstream, 
makes  induction  of  the  gal  promoter  impossible.   We  hypothesized  that 

a  transcription  complex  from  £  covers  the  gal  promoter,  preventing 
initiation  at  the  latter.   This  is  supported  by  the  observation  that  reducing 
the  intensity  of  £  transcription  by  a  variety  of  physiological  means 
restores  gal  induction.   We  believe  that  reduced  £  transcription  decreases 
the  concentration  of  the  transcription  complexes  at  the  gal  promoter. 

(4)  We  have  been  investigating  the  mechanism  of  action  of  lambda 
antitermination  function,  the  N  gene  product.   Our  approach  involves 
studying  host  mutants  which  affect  N  activity.   Preliminary  results  indicate 
that  ribosomal  mutations  can  alter  N  expression.   This  could  indicate 
translational  control  of  gene  expression  by  X. 

For  its  action  in  suppressing  transcription  termination,  the  N-gene 
product  of  X  requires  the  product  of  the  E.  coli  nusA  gene.   There  is 
available  a  mutation  in  the  nusA  gene  which  prevents  X  from  growing  at 
high  temperature  but  which  allows  X  growth  at  lower  temperatures.   We 
have  isolated  mutants  in  the  N-gene  of  X.   These  phages  cannot  grow  on 
mutant  nusA  -  E.  coli  even  at  low  temperature,  indicating  that  the  products 
of  these  mutant  N-genes  are  unable  to  interact  with  the  mutant  nusA  protein. 

A  previously  uncharacterized  site  or  gene  on  the  X  genome  has  been 
found  which  is  necessary  for  X  growth  at  low  temperature  on  E.coli  nusA 
mutants.   Presently  it  is  unknown  whether  this  site  or  gene  has  a  direct 
role  in  N-dependent  suppression  of  transcription  termination. 

(5)  In  order  to  study  the  pleiotropic  role  of  the  Rho  gene  product, 
we  have  cloned  the  rho  gene  into  a  charon  25  vector  phage.   The  X  rho  clone 
has  been  analysed  both  genetically  and  physically.   We  have  found  that 

a  single  mutation  in  the  rho  gene  can  cause  multiple  physiological  defects 

in  the  cell  e.g.  inability  to  use  malate  as  a  carbon  source,  inability 

to  terminate  transcription,  inability  to  carry  out  homologous  recombination, 

etc. 
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(6)   We  have  shown  that  the  lambdoid  phage  080  has  a  recombination 
function  analogous  to  recE  system  of  the  E.  coli  host.   This  080  gene 
has  been  transferred  to  phage  X. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
National  Cancer  Plan  Objective  3,  Approach  1.   In  cancer  cells,  the 
expression  of  some  genes  are  permanently  turned  on,  i.e.  expressed 
constitutively .   Our  studies  are  aimed  to  understand  the  molecular  basis 
of  how  genes  are  turned  on  and  off.   We  are  using  gal  and  X  as  model 
systems.   This  understanding  might  help  to  prevent  the  conversion  of 
normal  cells  to  those  capable  of  forming  cancers. 

Proposed  Course:   1.   To  determine  the  complete  structure  of  the 
gal  operon.   2.   To  identify  the  regulatory  molecules  involved  in  turning 
on  and  off  the  various  genes  of  the  gal  operon  and  phage  X.   3.   To  under- 
stand the  biochemistry  of  transcription  initiation  and  termination  signals 
4.   To  study  the  structure  of  the  rho  gene.   5.   To  elucidate  the  mechanism 
of  action  of  the  N  gene. 

Publications : 

Reyes,  0.,  Gottesman,  M. ,  and  Adhya,  S.   Formation  of  lambda  lysogens 
by  IS2  recombination:   gal  operon-lambda  P   promoter  fusions.   Virology 
94:   400-408,  1979.     ~  "" 

Adhya,  S.,  and  Miller,  W.   Modulation  of  the  two  promoters  of  the  galactose 
operon  of  E.  coli.   Nature  279:   492-494,  1979. 

Greenblatt,  J.,  Li,  J.,  Adhya,  S.,  Friedman,  D.,  Baron,  L. ,  Redfield,  B., 
Kung,  H.,  and  Weissbach,  H.   Evidence  that  the  L  factor  required  for  DNA 
dependent  In  vitro  synthesis  of  g-galactosidase  is  the  E.  coli  nusA  gene 
protein.   Proc ■  Natl.  Acad.  Sci.  USA,  in  press,  1980. 

Gottesman,  M. ,  Adhya,  S.,  and  Das,  A.   Transcription  antitermination  by 
lambda  N-gene  product.   J.  Mol .  Biol . ,  in  press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Transformation  produces  many  changes  in  cell  physiology.   To  study 
these  changes  we  developed  a  new  ultrastructural  immunocytochemical  localiztion 
technique  which  allows  electron  microscopic  antibody  localization  to  intra- 
cellular protein  in  the  presence  of  well  preserved  morphology  in  cultured 
cells  (EGS  procedure) ■   Using  this  technique,  we  have  localized  the  contractile 
proteins  actin,  myosin,  and  f ilamin,  and  the  structural  proteins  of  100  A 
filaments,  microtubules  (tubulin),  and  the  bristle  coat  of  coated  endoc^tic 

vesicles.   We  have  also  localized  the  src  gene  product  polypeptide  p60 

of  SR-avian  sarcoma  virus  transformed  cells,  and  found  it  associated  with 
the  inner  aspect  of  the  plasma  membranes ,  concentrated  at  surface  ruffles 

and  gap  functions.   Similar  experiments  with  p21 of  Harvey-murine 

sarcoma  virus  transformed  cells  showed  that  this  src  protein  is  also  located 
at  the  inner  surface  of  the  plasma  membrane,  but  is  not  concentrated  at 
junctional  regions. 
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Project  Description: 

Objectives :   To  investigate  the  mechanisms  that  control  cell  motility, 
receptor-mediated  endocytosis,  and  the  morphologic  and  growth  manifestations 
of  malignant  transformation. 

Methods :   Cell  culture,  specialized  light  and  electron  microscopic 
morphologic  and  immunohistochemical  methods,  including  the  EGS  ultrastruc- 
tural  localization  procedure  and  specialized  biochemical  purification 
and  analytical  methods. 

Major  Findings:   Transformation  of  cultured  fibroblasts  alters  their 
shape,  adhesion  to  substratum,  surface  microstructure ,  agglutinability 
by  plant  lectins,  and  organization  of  cytoplasmic  contractile  proteins, 
as  well  as  growth  properties.   These  former  properties,  referred  to  as 
"the  morphologic  phenotype  of  transformation"  are  primarily  controlled 
by  adhesion  to  substratum  and  we  have  previously  shown  that  these  are 
unrelated  in  a  casual  manner  to  growth  control. 
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To  study  the  mechanisms  that  regulate  adhesion  and  motility  in  cultured 
cells,  we  needed  a  method  of  morphologically  localizing  the  proteins  involved 
in  these  processes  within  the  cell.   Using  antibodies  to  proteins  purified 
from  cultured  cells,  we  have  studied  the  light  microscopic  distribution 
of  contractile  proteins  and  other  cellular  elements.   Ultrastructural 
localization  with  good  morphologic  preservation  was  considerably  more 
difficult  and  no  practical  technique  was  available  for  this  study.   As 
a  result,  we  undertook  a  long  developmental  study  of  this  area  and  have 
developed  a  new  procedure  (EGS  procedure)  which  provides  specific  ultra- 
structural  antibody  localization  of  intracellular  antigens  with  good 
morphologic  preservation.   In  addition  the  best  labeling  procedure  for 
these  ultrastructural  studies  has  been  developed  as  a  modification  of 
the  "ferritin  bridge"  procedure  using  affinity-purified  antibodies  to 
ferritin.   Not  only  does  this  provide  discrete  specific  ultrastructural 
images,  but  it  also  allows  the  quantiation  of  antibody  localization,  an 
advantage  of  particular  importance  for  proteins  present  in  low  amounts. 

Using  this  method,  we  are  studying  the  location  and  relationships 
of  the  major  contractile  proteins  in  cells  (myosin,  actin,  and  filamin) 
to  understand  the  mechanism  of  their  interaction  and  resulting  motility 
of  the  cell  and  its  internal  organelle  movements.   Using  antibodies  against 
purified  actin,  myosin,  and  filamin,  we  have  found  that  the  ultrastructural 
distribution  of  these  proteins  is  different  from  what  one  might  assume 
from  light  microscopic  results.   Actin  is  contained  only  in  structures  which 
have  morphologically  identifiable  60  A  microfilaments  and  no  significant 
amounts  of  soluble  cytosol  actin  were  detected.   These  former  structures 
include  the  microfilament  mat  underlying  the  plasma  membrane,  microfilament 
bundles,  the  core  of  microvilli,  and  the  inner  content  of  cell  surface 
ruffles.   Filamin  follows  these  distributions  in  the  same  manner,  except 
for  its  absence  from  the  core  of  microvilli,  and  the  small  amount  of  diffuse 
filamin  present  in  the  cytosol. 

Myosin,  however,  has  a  unique  distribution.   Most  of  the  cell's  myosin 
is  distributed  throughout  the  cytosol  in  the  reticular  filamentous  structures 
between  the  cytoplasmic  organelles.   Myosin  concentrates  as  an  intense 
decoration  on  the  edges  of  actin-containing  structures,  but  is  absent 
from  both  microvilli  and  surface  ruffles.   No  myosin  localization  was 
found  in  association  with  the  plasma  membrane. 

The  58K,  100  A  filament  protein  was  purified  from  Chinese  hamster 
ovarian  fibroblasts  and  used  to  produce  specific  antibodies  in  rabbits. 
In  mouse  fibroblasts,  these  antibodies  by  ultrastructural  localization 
associate  only  with  the  100  A  intermediate  filaments.   Similarly,  antibodies 
were  produced  against  purified  tubulin,  and  by  ultrastructural  localization 
these  associate  only  with  microtubules.   Since  microtubules  and  100  A 
filaments  are  usually  closely  associated  morphologically  in  cells,  these 
two  antibody  experiments  demonstrate  the  high  degree  of  specificity  of 
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this  ultrastructural  localization  technique.   The  structural  protein  of 
the  bristle  coat,  clathrin,  of  coated  endocytic  vesicles  was  purified 
and  antibodies  were  prepared.   These  antibodies  localized  ultrastructurally 
to  the  bristle  coat  of  coated  pits  and  Golgi-associated  coated  vesicles. 
Other  proteins  have  also  been  localized  in  other  intracellular  structures 
such  as  those  associated  with  the  nucleus,  Golgi  vesicles,  and  endoplasmic 
reticulum  demonstrating  the  general  usefulness  of  this  localization  procedure 
for  intracellular  proteins. 

One  of  the  recently  well-defined  viral  transformation  systems  is 
the  transformation  of  avian  and  rat  cells  by  the  Schmidt-Ruppin  strain 
of  Rous  sarcoma  virus.   A  single  polypeptide  of  60,000  M  seems  to  be 
the  product  of  the  transformation-specific  src  gene  in  these  cells. 
Antibodies  to  this  p60  src  protein  were  made  in  newborn  rabbits  and  localized 

using  the  EGS  and  ferritin  bridge  procedures.   p60 is  concentrated 

on  the  inner  aspect  of  the  plasma  membrane  in  SR-RSV-trans formed  NRK  cells. 

A  low  concentration  of  p60 is  found  diffusely  throughout  the  cytoplasm. 

The  plasma  membrane-associated  p60 is  more  concentrated  in  regions 

of  surface  ruffle  activity  and  is  highly  concentrated  at  the  gap  junction 
regions  of  intercellular  contact  points.   Similar  experiments  were  performed 
using  antisera  to  the  src  protein  of  the  Harvey  strain  of  murine  sarcoma 

virus.   The  src  protein,  p21 ,  was  localized  to  the  inner  surface  of 

the  plasma  membrane,  but  was  absent  from  the  cytoplasm  or  the  junctional 
regions  between  cells.   The  distribution  of  these  proteins  provides  direct 
evidence  for  their  likely  site  of  action  at  the  plasma  membrane.   This 
location  is  significant  in  light  of  the  great  similarity  in  the  effects 
of  growth  promoting  hormones  which  bind  to  the  outside  of  the  plasma  membrane. 

and  p60 transformation  which  localizes  to  the  inside  of  the  plasma 

membrane.   These  two  different  molecular  actions  may  be  affecting  the 
same  regulatory  systems  at  different  sites. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
National  Cancer  Plan  Objective  6,  Approach  3. 

It  appears  that  transformation  of  cultured  cells  in  vitro  is  closely 
linked  to  the  ability  to  form  malignant  tumors  in  vivo.   By  understanding 
the  specific  properties  and  their  mechanisms  in  vitro  that  are  essential 
for  these  altered  growth  properties,  one  might  be  able  to  control  the 
growth  and  spread  of  tumors  in  vivo.   The  role  of  growth-stimulating  hormones 
and  their  mechanism  of  action  may  provide  significant  insights  into  the 
manner  in  which  transforming  viruses  use  single,  small  polypeptide  molecules 
to  alter  growth  and  change  multiple  morphologic  properties.   The  localization 

of  p60 and  p21 to  the  inside  of  the  plasma  membrane  has  added  greatly 

to  the  understanding  of  the  site  and  possible  mode  of  action  of  these 
transforming  proteins. 
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Proposed  Course:   We  will  study  the  morphologic  mechanisms  of  the 
action  of  contractile  proteins,  growth-regulating  hormones  and  transforming 
viral  proteins  in  cultured  fibroblasts.   All  of  these  areas  relate  to 
the  basic  mechanisms  by  which  central  regulatory  processes  are  altered 
after  transformation  to  result  in  loss  of  growth  control  and  the  "morphologic 
phenotype  of  transformation." 

Publications : 

Willingham,  M.C,  and  Yamada,  S.S.   A  new  fixative  for  intracellular 
immunocytochemical  localization  in  cultured  cells.   J.  Histochem.  Cytochem. 
27:   947-960,  1979. 

Willingham,  M.C.,  Jay,  G.,  and  Pastan,  I.   Localization  of  the  ASV  src 
gene  product  to  the  plasma  membrane  of  transformed  cells  by  electron 
microscopic  immunocytochemistry .   Cell  18:   125-134,  1979. 

Willingham,  M.C.,  Yamada,  S.S.,  and  Pastan,  I.   Ultrastructural  localization 
of  tubulin  in  cultured  fibroblasts.   J.  Histochem.  Cytochem.,  in  press, 
1980. 

Cabral,  F.,  Gottesman,  M.M. ,  and  Willingham,  M.C.   Ultrastructural 
localization  to  10  nm  filaments  of  an  insoluble  58K  protein  in  cultured 
fibroblasts.   J.  Histochem.  Cytochem.,  in  press,  1980. 

Willingham,  M.C,  Pastan,  I.,  Shih,  T.Y.,  and  Scolnick,  E.M.   Localization 
of  the  Harvey-murine  sarcoma  virus  src  gene  product  to  the  plasma  membrane 
of  transformed  cells  by  electron  microscopic  immunocytochemistry.   Cell, 
in  press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  major  cell  surface  glycoprotein  fibronectin  is  decreased  after  malignan 
transformation  and  is  involved  in  cellular  adhesion.   We  have  investigated 


its  mechanism  of  action.   Polypeptide  structural  domains  containing  specific 
binding  sites  for  collagen  and  the  plasma  membrane  have  been  isolated  and 
characterized  biologically.   High-affinity,  separate  binding  sites  for 
hyaluronic  acid  and  heparin  were  also  characterized,  and  a  third  domain  for 
heparin  binding  was  identified. 

The  role  of  fibronectin  in  normal  differentiation  was  examined.   Cartilage 
cell  development  involves  the  loss  of  cell  surface  fibronectin,  apparently 
due  to  a  loss  of  receptors.   Vitmain  A  reverses  these  events.   Maintaining 
high  fibronectin  levels  inhibits  cartilage  cell  development. 

Our  objectives  will  be  to  determine  the  composition  and  structure  of  the 
multiple  active  sites  of  fibronectin,  and  the  mechanisms  by  which  this  major 
cell  surface  protein  helps  to  regulate  cell  behavior  and  differentiation. 
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Project  Description: 

Objectives :   The  major  cell  surface  protein  fibronectin  is  depleted 
after  neoplastic  transformation  of  fibroblasts  in  vitro.   Our  objectives 
are  to  determine  fibronectin1 s  biochemical  structure,  its  role  in  cell 
behavior,  and  its  mechanism  of  action. 

Methods :   Fibronectin  is  isolated  from  chick  embryo  fibroblasts  using 
low  concentrations  of  urea,  then  further  purified  by  salt  fractionation  and 
column  chromatography  at  alkaline  pH.   Cell  adhesion  to  collagen  is 
quantitated  by  determining  the  number  of  cells  that  attach  to  dishes  coated 
with  type  I  collagen,  cell  spreading  by  counting  the  proportion  of  cells 
that  are  fully  spread  on  culture  dishes,  hemagglutination  by  the  use  of  a 
standard  microtiter  plate  assay,  and  effects  on  morphology  of  transformed 
cells  by  determining  the  lowest  concentration  at  which  restoration  of 
cell  alignment  is  detectable  in  phase  contrast  photomicrographs. 

Structural  domains  of  fibronectin  are  isolated  following  protease 
digestion  of  fibronectin  bound  to  affinity  columns.   Protease-resistant 
domains  remaining  bound  to  collagen  or  heparin  affinity  columns  after 
digestion  with  chymotrypsin  or  pronase  are  released  with  urea  or  sodium 
dodecyl  sulfate,  then  analyzed  by  gel  electrophoresis  or  further  purified 
by  column  chromatography.   The  cell-binding  fragment  is  recovered  from  the 
material  that  does  not  bind  collagen  affinity  columns,  and  is  purified 
by  gel  filtration. 
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Radioactive  glycosaminoglycans  are  isolated  from  chick  fibroblasts 
labeled  with   H  glucosamine  followed  by  pronase  digestion  and  chromato- 
graphy on  DEAE  cellulose.   Glycosaminoglycan  binding  to  fibronectin  is 
measured  by  a  new  filter  binding  assay  in  which  ligands  binding  to  fibronectin 
are  retained  on  nitrocellulose  filters  after  vacuum  filtration. 

Major  Findings:   Fibronectin  has  been  shown  to  mediate  a  variety  of 
cellular  adhesive  interactions,  including  the  attachment  of  cells  to 
collagen.   It  can  also  restore  a  more  normal  morphologic  phenotype  to 
transformed  cells.   We  have  examined  fibronectin' s  mechanism  of  action 
by  dissecting  the  molecule  into  its  structural  domains  with  proteases. 
Polypeptide  domains  of  40,000,  160,000  and  205,000  daltons  have  been 
purified  and  shown  to  be  responsible  for  the  binding  of  fibronectin  to 
collagen  or  to  the  plasma  membrane.   These  fragments  have  been  characterized 
biologically  in  assays  for  cell  attachment  to  collagen,  cell  spreading, 
hemagglutination,  and  capacity  to  restore  a  normal  phenotype  to  transformed 
cells. 

Additional  specific,  high-affinity  binding  sites  on  fibronectin 
for  heparin  and  hyaluronic  acid  were  also  discovered.   A  third  domain 
of  50,000  daltons  involved  in  the  binding  of  fibronectin  to  heparin 
has  also  been  identified.   We  have  proposed  that  fibronectin  mediates 
a  variety  of  cellular  and  molecular  adhesive  events  by  means  of  these 
structural  and  functional  domains  containing  specific  binding  sites. 

In  collaborative  studies,  we  further  investigated  the  regulation 
and  role  role  of  fibronectin  in  cells  undergoing  embryonic  development. 
In  contrast  to  its  regulation  by  decreased  biosynthesis  after  neoplastic 
transformation,  the  loss  of  fibronectin  from  the  cell  surface  of  differen- 
tiating chondrocytes  appears  instead  to  be  due  to  a  loss  of  its  receptors. 
The  capacity  of  these  cells  to  bind  fibronectin  returns  after  treatment 
with  vitamin  A.   Treatment  of  chondrocytes  with  this  vitamin  or  with 
excess  exogenous  fibronectin  results  in  dedif f erentation  to  a  mesenchymal 
phenotype.   These  results  strengthen  the  concept  that  a  developmentally 
regulated  loss  of  fibronectin  is  necessary  for  further  differentiation 
of  certain  tissues. 

Other  studies  have  documented  fibronectin1 s  localization  by  electron 
microscopic  immunocytochemistry  and  its  regulation  by  sodium  butyrate. 
We  have  also  compared  it  to  another  protein  that  we  have  recently 
partially  purified  that  also  appears  to  be  required  for  normal  cell 
interactions . 

Significance  for  Cancer  Research  and  Program  of  the  Institute: 
National  Cancer  Plan  Objective  3,  Approach  5. 

The  cell  surface  glycoprotein  fibronectin  appears  to  perform  a 
major  role  in  the  maintenance  of  normal  cellular  adhesion,  morphology, 
and  cell-cell  interactions,  and  its  loss  after  transformation  partially 
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accounts  for  the  changes  in  these  properties  in  transformed  cells. 
To  determine  f ibronectin1 s  mechanism  of  action,  we  have  identified 
and  purified  specific  active  sites  from  this  molecule.   Binding  to 
these  cell-,  collagen-,  or  heparin-  binding  sites  can  explain  how  this 
protein  can  mediate  a  variety  of  adhesive  and  binding  events.   Other 
studies  suggest  that  developmental ly  regulated  or  vitamin-induced  changes 
in  receptors  for  fibronectin  can  regulate  its  presence  on  the  cell 
surface.   Programmed  alterations  in  fibronectin  levels  appear 
to  be  necessary  for  normal  embryonic  differentiation  of  certain  cell 
types . 

Proposed  Course:   To  determine  the  composition  and  structure  of 
the  collagen-,  heparin-,  and  plasma  membrane-binding  sites  of  fibronectin, 
to  identify  the  membrane  component(s)  to  which  it  binds  on  the  cell 
surface,  and  to  explore  further  its  roles  in  cytoskeletal  organization 
and  embryonic  differentiation. 
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Objective:   To  understand  the  precise  molecular  mechanisms  which  control 
the  expression  of  specific  genes  in  animal  and  bacterial  cells. 

Methods:   Measurement  of  RNA  and  protein  synthesis  in  vivo  and  in  cell- 
free  systems;  synthesis  and  purification  of  specific  DNA  fragments  and  RNA 
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Major  Findings: 

1.  A  repetitive  structure  in  the  collagen  genes. 

We  have  isolated  a  series  of  overlapping  clones  which  span  the  chick  a2 
(type  I)  collagen  gene  plus  its  51  and  3'  flanking  sequences,  by  successive 
screenings  of  a  library  of  chick  genomic  DNA  fragments.   The  <x2   collagen 
gene  has  a  length  of  about  40  kilobases  while  the  corresponding  mRNA  is 
5,000  nucleotides  long.   The  coding  information  in  the  gene  is  subdivided 
in  more  than  50  exons  interspersed  with  introns  of  various  sizes.   Electron 
microscopic  measurements  indicate  that  the  exons  which  specify  the  helical 
portion  of  the  protein  are  small  and  appear  to  be  similar  in  size.   By 
contrast  the  exons  which  are  located  at  the  3'  end  of  the  gene  and  correspond 
to  the  35,000  M.W.  non-helical  C-peptide,  are  larger  and  of  variable  size. 
We  have  determined  by  DNA  sequence  analysis  the  length  of  five  exons  in 
two  segments  of  the  gene  which  specify  the  helical  region.   Two  exons  have 
an  identical  size  of  54  base  pairs  (b.p.),  hence,  a  coding  capacity  for 
18  amino  acids;  the  sum  of  the  coding  lengths  of  two  other  neighboring 
exons  specifies  36  (or  2  x  18)  amino  acids;  a  fifth  exon  contains  63  b.p. 
The  sizes  of  additional  exons  are  being  analyzed.   Three  of  four  exon-intron 
boundaries  which  we  examined  contain  a  6  b.p.  identical  sequence  at  the 
5'  end  of  the  introns;  the  intron-exon  boundaries  which  were  studied  also 
show  strong  similarities.   We  propose  that  the  collagen  gene  arose  by  ampli- 
fication of  a  single  coding  unit  of  54  b.p.;  this  amplification  occurred 
by  recombination  within  introns.   The  sequences  within  the  exons  probably 
evolved  by  successive  point  mutations  but  also,  in  some  exons,  by  additions 
(or  deletions)  of  9  b.p.  or  multiples  of  9  b.p.   Indeed,  9  b.p.  encode 
the  basic  gly-x-y  repeat  in  the  collagen  protein,  hence  a  selective  pressure 
existed  not  to  interrupt  the  helicity  of  the  collagen  protein  molecule. 
Other  collagen  genes  may  have  arisen  by  duplication  of  a  first  complete 
gene. 

2 .  Correlation  between  splicing  sites  within  an  intron  and  their  sequence 
complementarities  with  Ul  RNA. 

We  have  examined  one  short  intron  (256  nucleotides)  in  the  a2-collagen 
gene.   By  SI  nuclease  mapping  experiments,  we  have  identified  three 
discrete  RNA  precursors  from  which  only  a  portion  of  this  intron  has 
been  removed,  suggesting  that  there  are  internal  splicing  sites  within 
this  intron.   The  location  of  these  sites  coincides  with  the  splicing 
points  predicted  from  the  complementaries  between  sequences  within 
the  intron  and  the  51  end  of  a  small  nuclear  RNA,  Ul  RNA,  which  was 
shown  by  Lerner  e£  al  (1980)  to  be  complementary  with  the  ends  of  introns. 
Removal  of  only  one  part  of  the  intron  will  still  allow  the  subsequent 
elimination  of  the  rest  of  the  intron  and  the  correct  splicing  of  the 
coding  segments  located  at  each  end  of  the  intron.   Indeed,  the  new 
introns,  created  by  the  first  splicing  events,  contain  sequences  at 
each  end  which  are  also  complementary  to  Ul  RNA.   Finally,  there  is 
an  excellent  correlation  between  the  frequencies  at  which  these 
internal  splicing  sites  are  used  and  the  stabilities  of  the  predicted 
complementary  structures  between  the  sequences  at  these  sites  and  the 
5'  end  of  Ul  RNA. 
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3.  Regulation  of  collagen  RNA  synthesis. 

The  levels  of  collagen  RNA  are  regulated  by  two  types  of  factors  which 
both  have  pleiotropic  effects:   Psrc,  the  protein  which  causes  cells  to  be- 
come oncogenic,  and  phorbol  esters,  a  class  of  chemicals  previously  known  as 
tumor  promoters.   Both  factors  cause  a  substantial  reduction  in  collagen  RNA 
levels  in  chick  embryo  fibroblasts.   We  have  further  shown  that  Psrc  decreases 
the  levels  of  collagen  RNA  precursors  in  the  nucleus;  hence,  the  control  by 
Psrc  is  likely  to  be  at  the  level  of  transcription. 

4.  Studies  on  the  regulation  of  the  galactose  operon  of  E.  coli. 

a)  We  have  previously  demonstrated  the  existence  of  two  overlapping 
promoters  P,  and  P  which  control  the  genes  of  the  galactose  operon.   One 
promoter  requires  cyclic  AMP  (cAMP)  and  its  receptor  protein  (CRP),  the 
other  functions  in  the  absence  of  cAMP-CRP  and  is  inhibited  by  these  factors. 
The  existence  of  these  two  promoters  provides  a  molecular  basis  for  the 

dual  role  of  galactose  in  cellular  metabolism.   The  two  promoters  probably 
ensure  a  constant  basal  level  of  UDP-galactose-epimarase  (the  enzyme  which 
converts  UDP-glucose  to  UDP-galactose  or  vice  versa)  regardless  of  the 
fluctuations  in  the  intracellular  cyclic  AMP  concentrations. 

b)  The  operator  of  the  gal  operon  is  located  60  base  pairs  preceding 
the  P,  start  site  for  transcription,  in  contrast  to  the  location  of  the  oper- 
ator in  other  bacterial  or  bacteriophage  systems.   In  the  latter  systems 

the  repressor  binds  more  closely  to  the  respective  initiation  sites  and 
directly  blocks  the  formation  of  a  stable  RNA  polymerase-promoter  complex. 
The  location  of  the  operator  in  gal  could  explain  the  partial  leakiness 
of  the  operon  in  the  absence  of  inducer. 

c)  We  have  established  that  CRP  interacts  with  gal  DNA  between  50 
and  25  base  pairs  preceding  the  P,  initiation  site.   The  location  of  this 
site  strongly  suggests  that  protein-protein  contacts  between  CRP  and  RNA 
polymerase  play  an  important  role  in  establishing  a  stable  initiation  complex 
at  the  P.  promoter.   Comparison  of  the  sequence  of  the  gal  CRP  site  with 
that  of  the  lac  CRP  site  (located  50  base  pairs  preceding  the  lac  initiation 
site)  suggests  a  common  sequence  recognized  by  CRP.   We  have  developed  a 
model  sequence  which  is  recognized  by  the  two  subunits  of  CRP  and  which  is 
consistent  with  all  known  protection  data. 

d)  We  have  constructed  a  set  of  recombinant  plasmids  in  which  the  lac 
operon  is  controlled  by  the  gal  promoter.   These  plasmids  are  used  for  site 
specific  mutagenesis  experiments,  where  the  target  for  mutagenesis  is  a  small 
DNA  fragment  which  can  easily  be  introduced  in  the  plasmid. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
Collagen  is  a  major  differentiation  product  of  normal  fibroblasts.   Both  src 
(the  protein  which  is  responsible  for  making  cells  oncogenic)  and  phorbol  esters, 
which  has  similar  pleiotropic  effects  in  cells  as  src ,  cause  a  severe  reduction 
of  collagen  synthesis.   Our  data  indicate  that  this  control  operates  at  the 
level  of  transcription.   Understanding  how  the  collagen  gene  is  regulated 
should  give  us  insights  in  the  processes  of  differentiation  and  its  alterations 
in  transformation. 
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Proposed  Course:   (1)   Study  the  regulation  of  the  a2  collagen  gene  by 
in  vitro  transcription  using  first  crude  extracts,  then  more  purified  components. 

(2)  Construct  recombinants  in  which  the  promoter  of  the  a2  collagen  gene 
controls  an  enzyme-like  thymidine  kinase  or  HGPRTase  or  a  bacterial  enzyme 
which  is  expressed  in  animal  cells.   Transfect  animal  cells  with  such 
recombinants  and  study  the  expression  of  the  promoter. 

(3)  Obtain  mutants  in  the  a2  collagen  promoter  by  site  specific  muta- 
genesis; examine  such  mutants  in  vitro  and  in  vivo  after  transfection. 

(4)  Isolate  other  collagen  genes  which  appear  to  be  differentiation 
products  of  other  cell  types  (and  which  are  also  regulated  by  Psrc) . 

(5)  Isolate  one  or  more  human  collagen  genes  and  examine  the  nature  of 
the  defects  in  some  genetically  transmitted  diseases  affecting  one  of  the 
collagen  genes. 

(6)  Obtain  additional  promoter  mutants  in  the  galactose  operon  by  site- 
specific  mutagenesis  and  analyze  them  by  a  variety  of  functional  tests. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  typical  thyroid  epithelial  cell  can  take  in  colloid  from  the 
follicular  lumen  by  macropinocytosis .   It  can  also  phagocytose  red  blood 
cells.   We  propose  to  study  the  mechanism  of  these  processes  by  electron 
microscopy,  histochemistry,  and  related  techniques. 
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Project  Description: 

Objectives:   To  determine  mechanism  of  thyroid  hormone  release  and, 
more  generally,  endocytotic  properties  of  typical  thyroid  epithelium. 

Methods :   Project  was  not  pursued  this  year. 

Major  Findings:   Endocytic  properties  of  the  principal  thyroid  epithelial 
cell  (with  Tachiwaki):   We  have  found  that,  in  addition  to  pinocytosis,  the 
principal  thyroid  epithelial  cell  can  endocytose  small  cell  fragments  from 
the  follicular  lumen  by  the  formation  of  smooth  pits  that  pinch  off  from  the 
plasma  membrane. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute:   This 
project  fits  most  clearly  under  Objective  3,  Approach  5,  having  to  do  with 
properties  of  the  cell  surface. 

Proposed  Course:   To  be  continued. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  has  as  its  objectives  to  learn  about:   (1)  The  mechanism  by 
which  the  thyroid  gland  maintains  a  concentration  of  iodide  elevated  above  that 
of  the  blood,  and  (2)  The  mechanism  by  which  the  thyroid  gland  forms  and  accumu- 
lates protein-bound  iodine. 

The  work  is  largely  based  upon  in  vivo  studies  and  makes  use  of  autoradio- 
graphy, cytochemistry  at  ultrastructural  level,  kinetic  studies,  and  inhibitors 
of  steps  in  the  synthesis  of  thyroid  hormones. 
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Project  Description: 

Objectives :   To  learn  about  the  mechanism  of  synthesis  and  storage  of 
thyroid  hormones. 

Methods : 

Major  Findings:   In  a  very  hyperplastic  thyroid  gland  follicular  lumens 
are  narrowed  and  thyroglobulin  is  depleted  from  the  lumens.   If  one  induces 
involution  of  the  gland,  the  lumens  dilate.   We  have  found  that  within  one 
day  after  induction  of  involution  there  is  an  enormous  accumulation  of  exo- 
cytotic  vesicles  containing  newly  synthesized  thyroglobulin  in  the  follicular 
epithelial  cells. 

Mechanism  of  iodination  (with  Ekholm) :   We  have  obtained  autoradiographic 
evidence  that  iodination  of  protein  is  an  extracellular  event  in  the  very 
hyperplastic  thyroid  gland. 

Proposed  Course:   To  be  continued 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute:   Some 
of  the  work  reported  here  may  best  be  put  into  Objective  3,  Approach  5  be- 
cause they  give  information  on  properties  of  cell  surface  and  cell  membranes. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

To  study  the  thyroid  growth  and  the  production  and  properties  of  trans- 
plantable thyroid  tumors  in  the  rat:   changes  occurring  during  growth, 
hyperplasia  and  involution,  growth  and  properties  of  thyroid  cells  and 
thyroid  tumor  cells  in  culture. 

We  are  also  studying  a  variety  of  types  of  cells  just  recently  recognized 
to  be  present  in  the  normal  thyroid  gland  and  which  may  be  the  cells  of  origin 
of  some  of  the  different  histologic  types  of  thyroid  tumors  which  have  been 
observed  in  the  past. 
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Project  Description: 

Objectives :   To  study  thyroid  growth  and  the  production  and  properties 
of  transplantable  thyroid  tumors  in  the  rat:   changes  occurring  in  the  thyroid 
during  growth,  hyperplasia  and  involution.   We  are  also  trying  to  grow  normal 
thyroid  epithelium  rn  vitro. 

Objectives  at  present:   To  study  thyroid  growth  and  involution  of  hyper- 
plastic thyroid.   We  are  also  studying  the  properties  of  primary  cultures 
especially  of  the  thyroid  epithelial  cells  arranged  in  follicles  in  suspension. 

Methods : 

Hyperplasia:   Hyperplasia  was  produced  in  rat  thyroid  gland  by  feeding 
the  goitrogen  thiouracil.   Various  details  of  the  nature  of  the  growth 
process  were  examined  by  light  and  electron  microscopy. 

Involution:   (With  Herveg  and  Tachiwaki)   Involution  of  the  hyperplastic 
thyroid  gland  was  induced  by  removing  the  diet  containing  a  goitrogen  and 
feeding  the  rats  a  diet  with  high  iodine  content. 

Tissue  Culture:   Thyroid  gland  was  dissociated  by  collagenase  treatment. 
Small  clusters  of  epithelial  cells  were  isolated  from  the  dissociated  tissue 
by  centrifugation  followed  by  filtration  through  fine  nylon  mesh.   Clusters 
were  cultured  while  they  adhered  to  the  surface  of  a  dish  or  in  suspension 
and  their  properties  were  examined  by  electron  microscopy. 

Major  Findings:   Tissue  culture  (with  Nitsch) :   We  have  explored  the 
mechanism  of  inversion  of  thyroid  follicles  in  suspension  culture.   Polarity 
reversal  of  the  individual  epithelial  cells  occurs  while  the  cells  are  in  the 
follicle  wall  in  contact  with  their  neighbors.   The  surface  features  change 
first.   Then,  cytoplasmic  organelles  change  their  positions.   Colloid  is  lost 
from  the  follicular  lumen  only  after  the  cells  have  completely  reversed 
polarity. 
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Shedding  of  plasma  membrane  into  the  follicular  lumen  (with  Tachiwachi) : 
During  early  stages  of  involution  of  the  hyperplastic  thyroid  gland,  dense 
unit  membrane  bounded  cell  fragments  appear  in  the  follicular  lumen.   They 
appear  within  a  few  hours  of  feeding  the  high  iodine  diet,  first  at  the  apical 
surface  of  the  epithelial  cells.   Later,  they  are  randomly  dispersed  in  the 
lumen.   They  disappear  generally  by  twelve  days  of  involution  by  being  endo- 
cytosed  by  cells  in  and  surrounding  the  lumen.   They  are  probably  a  mechanism 
for  rapid  removal  of  extra  plasma  membrane  deposited  during  rapid  secretion 
of  thyroglobulin  during  involution. 

Comparison  of  effects  of  hypophysectomy  and  involution  (with  Tachiwachi): 
The  organelle  complement  of  the  principal  thyroid  epithelial  cell  after 
involution  is  different  from  that  after  hypophysectomy.   In  both  treatments, 
the  nucleus  loses  most  of  its  heterochromatin  and  the  nucleolus  atrophies. 
However,  abundant  RER  is  retained  in  involution  but  the  RER  is  barely  visible 
three  weeks  after  hypophysectomy. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
Enables  us  to  understand  more  about  the  organization  of  cells  in  normal 
tissues . 

Proposed  Course:   I  plan  to  continue  the  above  studies. 

Publications: 

Zeligs,  J.D.  and  Wollman,  S.H.   Mitosis  in  rat  thyroid  epithelial  cells  in 
vivo.   IV.  Cell  surface  changes.   J.  Ultrastruct.  Res.   67:   297-308,  1979. 

Zeligs,  J.D.  and  Wollman,  S.H.   Mitosis  in  thyroid  epithelial  cells 
in  vivo.   V.  Characteristic  apical  protrutions  are  associated  with 
mitosis  in  unstimulated  glands.   J.  Ultrastruct.  Res.   68:   308-316,  1979. 

Nitsch,  L.  and  Wollman,  S.H.   Suspension  culture  of  separated  follicles 
consisting  of  differentiated  thyroid  epithelial  cells.   Proc.  Natl. 
Acad.  Sci.  USA  77:   472-476,  1980. 

Wollman,  S.H.   Structure  of  the  thyroid  gland.   In  The  Thyroid  Gland,  Ed: 
de  Visscher,  M.   Raven  Press,  pp  1-20,  1980. 

Nitsch,  L.  and  Wollman,  S.H.   TSH  preparations  are  mitogenic  for  thyroid 
epithelial  cells  in  follicles  in  suspension  culture.   Proc.  Natl.  Acad.  Sci. 
USA,  in  press,  1980. 
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SUMMARY  OF  WORK  (200_  words  or  less  -  underline  keywords) 

We  are  utilizing  the  Chinese  Hamster  Ovary  (CHO)  fibroblast  grown  in 
vitro  to  study  the  genetics  and  biochemistry  of  some  aspects  of  the  behavior 
of  cultured  cells.   Our  work  has  emphasized  cell  adhesion,  morphology, 
response  to  cyclic  AMP,  the  role  of  cell  surface  antigens,  receptors  and 
internalization  of  their  ligands  in  cell  behavior,  and  the  mechanism  of  cell 
transformation  by  tumor  viruses.   We  have  isolated  a  variety  of  different 
mutants  with  abnormal  adhesion,  abnormal  morphology,  or  abnormal  response  to 
cyclic  AMP  and  some  of  these  have  been  characterized  as  to  their  biochemical 
defects.   We  have  developed  a  system  for  isolating  cell  mutants  resistant  to 
transformation  by  the  product  of  the  src  gene  of  Rous  sarcoma  virus.   We  are 
establishing  general  procedures  for  the  isolation  of  mutants  lacking  specific 
cell  surface  receptors,  and  mutants  unable  to  internalize  specific  ligands. 
These  mutants  are  analyzed  genetically  using  the  techniques  of  somatic  cell 
hybridization  and  gene  transfer,  and  biochemically  by  classical  enzymology, 
affinity  labelling  techniques  and  two-dimensional  electrophoresis. 
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Objectives:   To  determine  by  genetic  manipulation  the  cell  proteins  and 
processes  needed  to  maintain  cell  adhesion,  morphology,  response  to  cAMP, 
transformation  by  Rous  sarcoma  virus,  normal  receptor  function  and  internali- 
zation of  ligands. 

Methods:   Cell  culture;  virus  infections;  isolation  of  cell  behavior 
mutants;  karyotyping  and  G-binding;  somatic  cell  hybridization;  gene  transfer 
using  DNA  and  chromosomes;  immunologic  techniques  including  immunoprecipita- 
tion  and  complement-mediated  lysis  of  nucleated  cells;  one  and  two-dimensional 
electrophoretic  and  chromatographic  analysis  of  DNA,  RNA  and  proteins; 
enzymologic  analyses. 

Major  Findings:   (1)   We  have  isolated  multiple  classes  of  mutants  com- 
prising more  than  25  independent  mutants  which  are  resistant  to  the 
morphologic,  transport,  and  growth  inhibitory  effects  of  increased  levels  of 
cyclic  AMP.   The  major  class  is  composed  of  mutants  with  altered  cAMP  depen- 
dent protein  kinases,  indicating  that  these  effects  of  cAMP  in  CHO  fibroblasts 
are  mediated  through  protein  kinase.   Five  of  these  independent  mutants  have 
been  analyzed  in  detail.   All  mutants  fail  to  have  normal  amounts  of  Type  II 
cAMP  dependent  protein  kinase,  indicating  that  this  form  of  kinase  is  probably 
essential  for  cAMP  effects  on  CHO  cells.   Most  cAMP-resistant  mutants  are 
genetically  dominant,  but  the  recessive  mutants  can  be  organized  into  at  least 
2  different  complementation  groups. 
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(2)  We  have  analyzed  the  cAMP-dependent  phosphorylations  in  intact 
wild-type  and  mutant  CHO  cells  and  in  cell  lysates.   The  major  cAMP- 
stimulated  phosphorylation  in  intact  cells  involves  a  protein  of  M-  approx. 
49,000.   In  vitro,  the  major  substrates  have  molecular  weights  of  17,000, 
26,000,  34,000  and  300,000.   Some  of  these  phosphorylations  are  altered  or 
blocked  in  the  mutants  with  abnormal  cAMP-dependent  protein  kinase  activity. 

(3)  We  have  isolated  several  independent  CHO  mutants  resistant  to  the 
anti-mitotic  drugs  colcemid  and  griseofulvin.   By  two-dimensional  electro- 
phoretic  analysis,  these  mutants  have  been  shown  to  contain  an  altered 
3-tubulin.   This  protein  is  one  of  the  major  components  of  the  microtubular 
system  of  the  CHO  cytoskeleton.   Most  of  these  mutants  are  temperature-sensi- 
tive for  growth,  and  their  defect  at  the  non-permissive  temperature  appears 
to  relate  to  failure  of  normal  cell  division.   A  class  of  temperature- 
resistant  revertants  of  these  8-tubulin  mutants  has  lost  the  mutant  tubulin 
and  become  drug  sensitive,  proving  that  the  temperature  sensitivity  and  drug- 
resistance  of  these  mutants  are  all  related  to  their  altered  3-tubulin. 

(4)  In  order  to  be  able  to  characterize  a  large  number  of  independent 
CHO  mutants  isolated  because  of  their  altered  shape  and  inability  to  adhere 
to  substrate,  we  have  begun  an  analysis  of  the  intermediate  (10  nm)  filament 
system  (another  component  of  the  CHO  cytoskeleton).   We  have  demonstrated 
that  these  filaments  in  CHO  cells  are  composed  of  a  specific  58,000  M- 
Triton-insoluble  protein  and  that  this  protein  is  specifically  phosphorylated. 
Using  homogeneous  58K  protein,  it  is  possible  to  reconstitute  10  nm  filaments 
in  vitro. 

(5)  We  have  successfully  transformed  a  non-tumorigenic ,  flat  revertant 
of  our  parent  CHO  cell  line  using  Rous  sarcoma  virus  and  demonstrated  the 
presence  of  the  src  gene  product  in  these  cells.   In  this  system,  RSV  trans- 
formation appears  to  render  cells  resistant  to  growth  inhibition  by  cAMP.   We 
have  isolated  a  large  series  of  phenotypically  non-transformed  cell  lines 
from  a  number  of  these  RSV  transformants  and  have  begun  to  characterize 
these.   Preliminary  evidence  suggests  that  some  of  the  revertants  have  lost  the 
virus;  others  appear  to  have  virus,  but  the  expression  of  their  transforming 
function  is  altered. 

(6)  We  are  continuing  to  search  for  ways  to  isolate  mutants  with 
altered  cell  surface  functions  affecting  adhesion  and  receptor-mediated  endo- 
cytosis.   We  have  successfully  demonstrated  antibody-complement-mediated 
killing  of  CHO  cells  using  anti-f ibronectin  antiserum.   We  are  beginning  to 
isolate  mutants  resistant  to  toxic  polypeptides  and  to  agents  known  to 
specifically  inhibit  transglutaminase,  an  enzyme  thought  to  be  involved 

in  clustering  of  receptor-ligand  complexes  prior  to  internalization. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
CHO  cells  will  cause  tumors  in  appropriate  hosts.   The  identification  of 
mutant  CHO  cells  with  specific  defects  in  cell  surface  functions  and  in 
regulation  of  cellular  growth  and  morphology  will  enable  us  to  determine 
whether  any  of  these  functions  are  needed  for  tumor  formation.   Once  this 


180 


Serial  No.  Z01  CB  08705-04  LMB 

information  is  obtained,  specific  therapy  aimed  at  neutralizing  those  cell 
surface  or  cytoskeletal  functions  required  for  tumor  formation  can  be  de- 
vised. 

Objective  3,  Approach  3.5 

Proposed  Course:   To  isolate  many  classes  of  mutants  with  abnormal 
cell  behavior  and  determine  specific  protein  alterations  in  these  mutants. 

Publications : 

Cabral,  F.  and  Gottesman,  M.M.  Phosphorylation  of  the  10  nM  filament 
protein  from  Chinese  hamster  ovary.  J.  Biol.  Chem.  254:  6203-6206, 
1979. 

Evain,  D. ,  Gottesman,  M.M. ,  Pastan,  I.,  and  Anderson,  W.B.   A  mutation 
affecting  the  catalytic  subunit  of  cyclic  AMP  dependent  protein  kinase  in 
CHO  cells.   J.  Biol.  Chem.   254:   6931,  1979. 

Gottesman,  M.M. ,  LeCam,  A.,  Bukowski,  M. ,  and  Pastan,  I.   Isolation  of 
multiple  classes  of  mutants  of  CHO  cells  resistant  to  cyclic  AMP. 
Somat.  Cell  Genetics  6:   45-61,  1980. 

Cabral,  F.,  Willingham,  M.C.,  and  Gottesman,  M.M.   Ultrastructural 
localization  to  10  nm  filaments  of  an  insoluble  58  K  protein  in  cultured 
fibroblasts.   J.  Histochem.  Cytochem. ,  in  press,  1980. 

Cabral,  F.,  Sobel,  M.E.,  and  Gottesman,  M.M.  CHO  mutants  resistant  to 
colchicine,  colcemid  or  griseofulvin  have  an  altered  6-tubulin.  Cell , 
in  press,  1980. 

Milhaud,  P.G. ,  Davies,  P. J. A.,  Pastan,  I.,  and  Gottesman,  M.M.   Regula- 
tion of  transglutaminase  activity  in  Chinese  hamster  ovary  cells. 
Biochem.  Biophys.  Acta,  in  press,  1980. 

Milhaud,  P.,  Yamada,  K.M.  and  Gottesman,  M.M.  Sodium  butyrate  affects 
expression  of  fibronectin  on  CHO  cells:  Specific  increase  in  antibody- 
complement-mediated  cytotoxicity.   J.  Cell  Physiol. ,  in  press,  1980. 
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Objectives:   The  aim  of  the  project  is  to  elucidate  the  cell-virus 
interactions  in  the  mouse  mammary  gland  leading  to  epithelial  cell  hyper- 
plasia and  eventually  to  neoplasia.   Multiple  factors,  including  virus, 
chemicals,  hormonal  stimulation  of  the  gland  and  genetic  susceptibility 
of  the  individual,  have  been  identified  as  playing  important  roles  in  the 
development  of  mammary  cancer.   Therefore  our  approach  includes  a  multi- 
disciplinary  analysis  of  the  intracellular  events  associated  with  mammary 
gland  differentiation  and  development  and  the  role  of  the  mammary  tumor 
virus  and  chemical  carcinogens  in  these  normal  events  and  those  accompanying 
preneoplasia  and  neoplasia  in  the  mammary  epithelial  tissue.   We  have 
initiated  investigations  into  the  role  of  chemical  carcinogens  in  mammary 
cancer  to  determine  whether  they  operate  synergestically  or  independently 
of  the  tumor  virus  and  whether  chemicals  have  different  targets  within  the 
tissue  than  the  virus.   To  this  end  we  are  evaluating  a  new  mouse  model 
for  experimental  breast  cancer,  which  gives  promise  of  greater  relevancy 
to  the  human  condition.   Special  emphasis  will  be  given  to  the  physiological 
state  of  the  epithelial  tissue  in  relation  to  its  response  to  the  carcinogenic 
agent,  whether  virus  or  chemical. 
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Major  Findings:   Earlier  work  in  our  laboratory  has  shown  that  intra- 
cytoplasmic  A  particles  (CAP),  often  associated  with  spontaneous  mouse  mammary 
cancer,  are  intracellular  mammary  tumor  virus  nucleocapsid  structures.   These 
particles  were  found  to  possess  as  structural  components  polyproteins  (P80) 
containing  the  translation  products  of  the  MMTV  gag  (P27,  pp23,  P14,  P10)  se- 
quences.  Single-stranded  DNA  and  RNA  have  also  been  found  associated  with 
highly  purified  intracytoplasmic  A  particles.   Molecular  hybridization  of 

5I-labeled  A  particle  DNA  to  either  MMTV  RNA  or  cDNA  or  MuLV  RNA  or  cDNA 
showed  that  the  DNA  did  not  represent  sequences  homologous  with  either  virus 
genome.   In  addition,  although    I-CAP  DNA  readily  hybridized  to  mouse  DNA, 
it  would  not  reassociate  to  itself  under  aqueous  conditions.   By  applying  the 
phenol  emulsion  reassociation  technique  (PERT),  which  accelerates  DNA  re- 
association  roughly  1000  fold,  CAP  DNA  was  found  to  reassociate  with  itself 
and  mouse  DNA  in  a  manner  indistinguishable  from  a  random  sample  of  mouse 
DNA.   On  the  other  hand,  CAP  RNA  was  found  to  possess  sequences  homologous  to 
the  complete  MMTV  genome.   Our  conclusion  from  these  results  is  that  A 
particles  incorporate  MMTV  RNA  and  bind  cellular  DNA.   Recently,  in  an 
effort  to  clarify  this  apparent  relationship  between  cellular  DNA  and  CAP,  we 
discovered  that  A  particles  possess  a  specific  DNA  binding  protein  which  can 
be  neutralized  by  antibodies  directed  against  MMTV  pl4  but  not  by  antibodies 
against  MMTV  gp52,  p27,  plO  or  by  anti-mouse  casein.   This  protein  binds 
either  single-stranded  or  double-stranded  native  DNA  irreversibly  under  physio- 
logical conditions  and  in  0.6  M  salt.   We  also  demonstrated  a  DNA  unwinding 
activity  associated  with  the  A  particles  which  is  distinct  immunologically  from 
the  DNA  binding  protein.   Further  work  is  planned  to  evaluate  the  possible 
relevance  of  these  activities  to  the  malignant  transformation  of  mammary 
epithelium  by  MMTV. 

In  collaboration  with  Dr.  Barbara  Vonderhaar,  LPP,  DCBD,  studies  have 
continued  regarding  the  necessity  of  DNA  synthesis  for  the  terminal  differen- 
tiation of  virgin  mouse  mammary  gland  epithelium.   DNA  synthesis  is  apparently 
required  to  overcome  a  post-transcriptional  deficiency  in  DNA-synthesis  dormant 
mammary  epithelium.   A  single  pregnancy  satisfies  this  requirement.   Studies 
are  in  progress  to  identify  the  mechanism  by  which  DNA  synthesis  regulates  the 
functional  differentiation  of  virgin  mammary  epithelial  cells. 

In  an  attempt  to  develop  a  more  relevant  experimental  mouse  model  for 
human  breast  cancer  C,H/StWi  mice,  who  lost  MMTV  spontaneously  12  years 
ago  and  who  do  not  express  endogenous  MMTV  sequences,  were  given  7-12 
dimethyl  benzanthracene  (DMBA),  a  potent  chemical  carcinogen.   These  studies 
were  carried  out  in  collaboration  with  Drs.  Daniel  Medina  and  Susan  Socher, 
Department  of  Cell  Biology,  Baylor  University.   C~H/StWi  virgin  females 
were  highly  susceptible  to  DMBA,  developing  mammary  tumors  (27/46)  within 
six  months  of  receiving  the  drug.   The  tumors  were  mainly  papillary 
adenocarcinomas  which  arose  from  intraductal  hyperplasias.   No  alveolar 
hyperplasias  (HAN)  commonly  associated  with  MMTV  were  detected.   Evaluation  of 
the  tumors  for  the  presence  of  endogenous  MMTV  by  electron  microscopy  and  by 
molecular  hybridization  suggested  that  expression  of  MMTV  proviral  sequences 
may  not  be  involved  in  these  neoplasms.   Further  development  of  this  mouse 
mammary  cancer  system  is  underway,  C,H/StWi  virgins,  exogenously  infected 
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with  MMTV,  were  tested  for  their  response  to  DMBA.   We  found  that  the 
presence  of  exogenous  MMTV  in  the  mammary  glands  did  not  quantitatively  or 
qualitatively  alter  the  carcinogenic  response  of  C^H/StWi  mammary  glands 
after  exposure  to  DMBA.   There  was  no  synergistic  carcinogenic  effect  between 
DMBA  and  exogenous  MMTV.   Immunoperoxidase  and  radioimmune  competition  assays 
for  MMTV-specif ic  gene  products,  gp52  and  p27,  were  positive  in  100%  of  the 
mammary  tumors  induced  by  DMBA  in  MMTV-infected  C~H/StWi  mice  indicating  the 
presence  of  exogenous  MMTV  in  these  tumors.   Similar  studies  of  DMBA-induced 
mammary  tumors  in  C,H/StWi  females  not  infected  with  exogenous  MMTV  showed 
that  only  MMTV  gag  gene  product,  p27,  was  present  in  the  few  (8/27)  that  were 
positive  for  MMTV  proteins.   The  latter  result  was  taken  to  indicate  that 
C  H/StWi  endogenous  MMTV  genes  were  only  sporadically  expressed  in  these 
DMBA-induced  neoplasms.   Because  of  the  above  and  since  all  of  the  chemically- 
induced  mammary  tumors  appeared  to  arise  from  intraductal  lesions  as  opposed 
to  hyperplastic  alveolar  lesions  (HAN) ,  commonly  associated  with  MMTV  carcino- 
genesis, it  was  concluded  that  DMBA  and  MMTV  follow  separate  pathways  to  the 
induction  of  mammary  cancer  in  mouse  mammary  glands. 

Our  earlier  work  has  shown  conclusively  that  intracytoplasmic  A  particles 
found  in  MMTV-infected  tissues  are  intracellular  MMTV  procapsid  structures 
comprised  of  incompletely  processed  MMTV  gag  polyproteins ;  these  particles 
incorporate  MMTV  specific  RNA  and  have  the  property  of  specifically  binding 
single-  and  double-stranded  cellular  DNA.   In  addition  to  RNA  methylating 
enzymes  and  reverse  transcriptase  there  is  also  a  DNA  unwinding  activity 
associated  with  these  particles  that  bears  further  investigation.   Our  long- 
term  goal  will  be  to  evaluate  these  intracellular  products  of  MMTV  gene 
expression  as  regards  their  possible  role(s)  in  mammary  epithelial  cell 
differentiation  and  transformation. 

The  C„H/StWi  mouse  subline  appears  to  be  a  mouse  model  with  a  potential 
to  be  more  relevant  than  previous  inbred  mouse  strains  to  human  mammary  cancer. 
These  mice  develop  preneoplastic  dysplasias  and  neoplasms  whose  histologic 
nature  is  similar  to  the  human  disease  in  the  absence  of  overt  expression  of 
the  endogenous  MMTV  sequences  when  challenged  with  chemical  carcinogens.   Fur- 
ther studies  on  these  mice  give  promise  toward  clarification  of  the  interaction 
between  viral,  chemical,  and  hormonal  influences  in  mammary  carcinogenesis. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
National  Cancer  Plan  Objective  3,  Approach  3.   The  mouse  mammary  tumor  virus 
problem  has  been  and  is  being  used  as  a  relevant  model  for  understanding 
human  mammary  neoplasia.   Yet  our  knowledge  of  the  intracellular  events 
during  mammay  carcinogenesis  is  limited.   The  project  is  designed  to  provide 
a  base  to  further  our  understanding  of  these  intracellular  events  with  the 
aim  of  elucidating  the  effect  of  MTV  and  chemicals  during  normal  development 
of  the  mammary  gland  as  well  as  during  malignant  transformation. 

Proposed  Course:   To  specify  the  tumorigenic  influence  of  the  mammary 
tumor  virus,  its  relationship  to  normal  differentiation  and  to  the  cellular 
response  during  chemical  carcinogenesis. 
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Collaborative  studies  with  other  investigators  both  here  and  outside  the 
NIH  are  continuing  again  this  year.   Our  contributions  of  valuable  mammary 
tumor  and  hepatoma  mouse  strains  make  such  studies  desirable  and  therefore  are 
being  pursued. 

A  second  manuscript  with  Y.N.  Sinha  of  the  Scripps  Clinic  and  Research 
Foundation,  La  Jolla,  California  has  now  been  published.   In  our  studies  this 
year  we  are  looking  into  the  different  aspects  of  prolactin  secretion  and 
metabolism,  again  using  the  variable  spontaneous  mammary  tumor  mouse  strains. 

Another  manuscript  with  Gerald  L.  Princler  and  K.  Robert  Mclntire  of  the 
Laboratory  of  Immunodiagnosis  here  at  NIH  has  recently  been  submitted  for  publi- 
cation.  It  deals  with  the  dynamics  of  serum  alpha-f etoprotein  occurring  in 
the  high  spontaneous  hepatoma  mouse  strain  C3H-A  ^fB. 

In  collaboration  with  Melvin  D.  Reuber  of  the  Frederick  Cancer  Research 
Center,  a  survey  has  been  completed  and  submitted  for  publication  reporting  on 
the  spontaneous  occurrence  of  uterine  tumors  arising  in  our  laboratory  strains 
of  female  mice.   We  believe  that  a  histologic  description  of  these  lesions  will 
be  useful  to  those  investigators  working  with  mice  and  possibly  other  rodents. 
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A  paper  on  the  histogenesis  and  biology  of  mammary  gland  lesions  occurring 
spontaneously  in  female  mice  is  being  planned  this  year  with  Bernard  Sass  of 
the  Registry  of  Experimental  Cancers,  Division  of  Cancer  Cause  and  Prevention. 
One  of  the  lesions  we  are  studying  is  the  preneoplastic  hyperplastic  alveolar 
nodule  from  which  most  mammary  tumors  arise  in  females  carrying  mammary 
tumor  virus  (MTV) .   We  are  also  interested  in  the  pregnancy  dependent  mammary 
tumors  observed  in  the  European  strain  GR.   These  tumors  normally  regress  at 
parturition  but  reappear  in  subsequent  pregnancies  and  eventually  become 
malignant.   One  morphologically  distinct  mammary  tumor  in  GR  classified  as 
pale  cell  carcinoma  is  of  particular  interest.   This  lesion  apparently  is 
associated  with  the  line  of  MTV  present  in  GR. 

Significance  to  Cancer  Research  and  the  Program  of  the  Institute:   The 
occurrence  of  spontaneous  mammary  gland  tumors  in  laboratory  mouse  strains 
depends  on  the  interplay  of  several  factors:   host  genotype,  mammary  tumor 
virus,  hormones,  environment.   Mouse  mammary  tumorigenesis  with  the  variable 
tumor  strains  needs  to  be  continued  so  that  eventually  mechanisms  of  action 
between  the  various  factors  will  be  understood  and  might,  therefore, 
provide  better  insight  into  the  disease  process  in  humans. 

Publications : 

Sinha,  Y.N. ,  Vlahakis,  G.  and  Vanderlaan,  W.P.   Serum,  pituitary  and 

urine  concentrations  of  prolactin  and  growth  hormone  in  eight  strains  of  mice. 

Int.  J.  Cancer  24:   430-437,  1979. 
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Project  Description: 

Objectives :   Nicotinamide  adenine  dinucleotide  (NAD  )  is  known  to  undergo 
two  major  types  of  reactions  in  mammalian  cells,  reduction  to  NADH  and  cleavage 
at  the  nicotinamide-ribose  linkage  to  form  nicotinamide  and  adenosine  diphos- 
phate ribose.   ADP-ribose  can  be  covalently  attached  to  proteins  or  it  can  poly- 
merize to  form  poly  (ADP-ribose) .   Functions  of  NAD   in  oxidation-reduction 
reactions  are  well  studied  and  understood;  however,  functions  for  the  second 
type  of  reaction  are  not  clear.   Since  NAD  is  present  in  the  cell  at  a  con- 
centration of  about  0.1-0.3  mM,  and  since  the  half  time  for  degradation  of 
total  cellular  NAD  at  this  cleavage  site  is  just  1-2  hours,  this  reaction  is 
major  cellular  activity. 

The  object  of  this  project  is  to  understand  possible  involvements  of  NAD 
in  cellular  functions.   Emphasis  will  be  placed  on  growth  regulation,  macro- 
molecular  synthesis,  and  cyclic  AMP  metabolism. 

Methods :   Standard  culture  techniques  will  be  used  to  grow  cells.   Thin 
layer  chromatography  and  fluorescent  analysis  will  be  used  to  analyze  metabolic 
components.   Standard  biochemical  techniques  will  be  used  to  measure  cyclic 
AMP,  adenylate  cyclase  activity,  and  RNA  metabolism. 

Major  findings:   Evidence  was  obtained  that  NAD  and  ADP  ribosylation 
serve  essential  roles  in  ribosomal  RNA  processing  and  in  regulation  of  hormonal 
activation  of  adenylate  cyclase.   rRNA  processing:  NRK  cells  treated  with  the 
pyridine  derivative,  picolinic  acid,  are  unable  to  accumulate  28S  rRNA.   This 
is  due  to  an  instability  of  newly  synthesized  28S  rRNA.   Precursor  rRNA  synthesis 
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and  18S  rRNA  accumulation  are  essentially  unaffected.   The  ABP  ribosylation 
inhibitor  5-methylnicotinamide  causes  similar  but  less  pronounced  effects 
on  28S  rRNA  accumulation;  several  other  agents  are  ineffective.   We  propose 
that  ADP-ribosylation  is  necessary  to  protect  28S  rRNA  from  nuclease  digestion 
in  the  nucleolus.   Cyclic  AMP  metabolism:  The  ability  of  prostaglandin  E.. 
to  increase  intracellular  cyclic  AMP  is  potentiated  about  5-fold  following 
treatment  with  picolinic  acid,  a  50-80%  potentiation  is  observed  following 
treatment  with  5-methylnicotinamide  or  3-aminobenzamide,  known  inhibitors  of 
ADP-ribosylation.   The  augmented  hormonal  response  in  picolinic  acid  treated 
cells  returns  to  normal  within  about  8  hr  after  removal  of  this  agent; 
cyloheximide  and  actinomycin  D  prevent  the  return  to  normal.   These  results 
suggest  that  picolinic  acid  prevents  synthesis  of  a  protein  which  serves  as  an 
attenuator  of  hormonal  response  and,  in  addition,  synthesis  of  this  protein 
may  require  a  regulatory  step(s)  which  involve  ADP-ribosylation. 

NAD  metabolism  in  intact  cells:  Radioactively  labelled  nicotinamide  is 
metabolized  primarily  into  2  compounds  in  cultured  NRK  cells,  NAD  and  N  -methyl- 
nicotinamide.   The  intracellular  concentration  of  the  latter  compound  is  2-fold 
increased  in  cells  growth-arrested  by  several  means.   This  increase  is  due  to  a 
faster  rate  of  synthesis.   An  increase  in  N  methylnicotinamide  is  not  responsible 
for  growth  arrest  since  endogenously  added  N  -methylnicotinamide  does  not  slow 
growth  even  through  intracellular  amounts  of  this  compound  increase  several  fold. 
In  addition,  the  endogenous  level  of  N  -methylnicotinamide  in  several  clones  of 
normal  and  transformed  NRK  cells.. does  not  correlate  with  the  rate  of  cell  growth. 
The  physiological  relevance  of  N  -methylnicotinamide  is  unknown. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute:   By 
understanding  how  growth  and  metabolism  are  regulated  and  by  understanding 
differences  in  this  regulation  between  normal  and  transformed  cells  we  may 
learn  to  control  the  growth  of  certain  cancer  cells. 

Proposed  course:   Nucleoli  will  be  isolated  and  their  proteins  analyzed 
using  two  dimensional  electrophoretic  techniques.   Protein  content  and  migra- 
tional  differences  in  specific  proteins  will  be  compared  in  control  cells  and 
cells  treated  with  the  different  agents.   Plasma  membranes  will  be  isolated  and 
their  protein  contents  analyzed  in  attempts  to  identify  the  putative 
"attenuator"  protein  in  hormonal  activation  of  adenylate  cyclase. 

The  enzymes  poly  (ADP-ribose)  synthetase,  NAD  glycohydrolase ,  and  poly 
(ADP-ribose)  glycohydrolase  will  be  analyzed  in  control  and  treated  cells. 
Also,  the  ADP-ribosylation  of  specific  nuclear  and  nucleolar  proteins  will  be 
determined. 

Publications : 

Collins,  J.J.,  Adler,  C.R.,  Fernandez-Pol,  J. A.,  Court,  D. ,  and  Johnson,  G.S. 
Transient  growth  inhibition  of  Escherichia  coli  K12  by  ion  chelators:   "In  vivo" 
inhibition  of  RNA  synthesis.   J.  Bacteriol.   138:   923-932,  1979. 
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Johnson,  G.S.,  Adler,  C.R.,  Collins,  J.J.,  and  Court,  D.   Role  of  spoT 

gene  product  and  manganese  ion  in  the  metabolism  of  guanosine  5' -diphosphate 

3-diphosphate  in  Escherichia  coli.   J.  Biol.  Chem.   254:   5483-5487,  1979. 

Mukku,  V.R.,  Anderson,  W.B.,  and  Johnson,  G.S.   Enhancement  of  hormonal 
stimulation  in  intact  cells:   Potentiation  of  GTP-dependent  activation  of 
adenylate  cyclase.   J.  Biol.  Chem.   254:   5588-5590,  1979. 

Johnson,  G.S.  and  Anderson,  W.B.   Increase  in  hormonal  activation  of  adeny- 
late cyclase  by  treatment  of  cultured  cells  with  N-alkyl,  N-nitrosourea. 
J.  Natl.  Cancer  Inst.   63:   1451-1456,  1979. 

Anderson,  W.B.,  Mukku,  V.R.,  and  Johnson,  G.S.  Enhanced  GTP-dependent 
activities  of  the  adenylate  cyclase  system:   Basis  for  increased  hormonal 
responsiveness.   Archives  Biochem.  Biophys .   197:   599-606,  1979. 

Johnson,  G.S.   Effects  of  pyridine  derivatives  on  cultured  cells:   Evidence 
for  an  involvement  of  ADP-ribosylation  in  growth  regulation  and  cyclic  AMP 
metabolism.   In  Novel  ADP-ribosylations  of  regulatory  enzymes  and  proteins. 
T.  Sugimura  and  M.  Smulson,  Eds.  Elsevier  North-Holland,  New  York,  in 
press,  1980. 

Kidwell,  W.R.,  Stone,  P.R.,  and  Johnson,  G.S.   Poly  (ADP  ribose)  synthesis 
and  chromatin  structure.   In  Novel  ADP-ribosylations  of  regulatory  enzymes 
and  proteins.   T.  Sugimura  and  M.  Smulson,  Eds.  Elsevier  North-Holland, 
New  York,  in  press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

DNA  replication  proteins  of  E.  coli  and  phage  X  have  been  purified 
and  the  reactions  they  catalyze  are  under  study.   X  replication  in  vivo 
requires  two  phage  proteins,  the  0  and  P  gene  products,  in  addition  to 
host  proteins  including  dnaB,  polC,  dnaG,  dnaZ,  dnaJ,  dnaK,  grpD  and  grpE 
gene  products.   Of  these  proteins  dnaB,  dnaG,  polC,  dnaZ,  and  XP  protein 
have  been  purified.   Genetic  results  of  others  suggest  that  the  XP  protein 
functions  cooperatively  with  E.  coli  dnaB,  dnaJ,  dnaK,  grpD  and  grpE  proteins, 
In  vitro,  XP  protein  forms  a  molecular  complex  with  dnaB  protein.   Attempts 
are  being  made  to  isolate  the  XO  protein  and  to  reproduce  the  in  vivo 
pathway  of  replication  in  vitro.   The  goal  of  these  projects  is  to  elucidate 
the  molecular  mechanisms  by  which  DNA  is  replicated. 
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Project  Description: 

Objective :   To  gain  information  about  basic  biochemical  mechanisms 
involved  in  the  process  of  DNA  replication. 

Methods :   1.   Biochemical  techniques  required  for  protein  purification, 
enzyme  assays,  phage  and  plasmid  DNA  preparation,  and  nucleic  acid  sequencing. 

2.   Standard  techniques  for  growing  bacteria  and  phage. 

Major  Findings:   1.   Interaction  of  dnaB  protein  and  XP  protein  in 
vitro. 

Georgopoulos  and  Herskowitz  isolated  E.  coli  mutants  (groP  mutants) 
that  would  not  support  the  growth  of  X.   Some  of  these  were  in  the  dnaB 
gene.   They  then  isolated  X  mutants  (it  mutants)  that  were  able  to  grow 
on  these  hosts  and  found  that  the  X  mutants  had  altered  P  genes.   These 
results  suggested  the  interaction  of  XP  protein  with  dnaB  protein.   I 
showed  that  in  vitro  purified  XP  protein  formed  a  molecular  complex  with 
dnaB  protein  that  could  be  physically  isolated.   In  addition  XP  protein 
inhibited  dnaB  ATPase  activity  in  the  presence  or  absence  of  single-stranded 
DNA.   dnaB  protein  was  isolated  from  a  groP  mutant  and  the  purified  mutant 
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protein  had  a  specific  activity  that  was  ten-fold  lower  than  that  of  wild- 
type  protein.   However,  it  was  able  to  form  a  physical  complex  with  wild- 
type  XP  protein.   This  result  supports  the  model  of  Georgopoulos  and 
Herskowitz  that  the  mutation  in  dnaB  lowers  the  level  of  dnaB  in  the  cell 
rather  than  altering  the  site  of  interaction  of  dnaB  and  XP  proteins. 
Attempts  to  detect  XP  protein  in  extracts  of  cells  infected  with  X  -^mutants 
have  been  unsuccessful. 

It  is  likely  that  the  interaction  of  XP  and  dnaB  proteins  results 
in  an  alteration  in  the  specificity  of  dnaB  protein  such  that  it  can 
recognize  the  XO  protein  or  a  site  on  X  DNA  and  can  function  in  initiating 
X  DNA  replication. 

2.   Stimulation  of  DNA  synthesis  by  a  protein  from  X  infected  cells. 

I  observed  that  extracts  of  uninfected  E_.  coli  were  incapable  of 
catalyzing  DNA  synthesis  with  double-stranded  linear  X  DNA  in  the  presence 
of  4  dNTPs,  Mg   ,  and  buffer,  plus  or  minus  ATP.   The  addition  of  a  protein 
fraction  from  X  infected  cells  stimulated  DNA  synthesis  greater  than 
ten-fold  in  the  uninfected  by  extracts.   This  reaction  required  ATP  or 
GTP.   Single-stranded  DNA  and  covalently-closed  supercoiled  DNA  were  not 
templates,  but  all  double-stranded  linear  DNAs  tested  were  templates  for 
DNA  synthesis.   Using  this  assay,  the  protein  was  purified  from  X  infected 
cells  and  found  to  be  a  polypeptide  of  MW  26,000.   Crude  extracts  of  X 
deletion  mutants  were  assayed  and  the  activity  was  localized  to  between 
58  and  70%  from  the  left  end  of  X .   It  has  not  been  identified  yet  with 
a  known  gene  of  X,  but  it  is  independent  of  the  essential  replication 
genes  of  X.   The  mechanism  by  which  it  stimulates  DNA  synthesis  is  not 
known  yet . 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
The  central  process  of  heredity  and  cell  growth  is  the  replication 
of  the  genetic  material.   Studies  of  this  process  in  E.  coli  have  been 
made  possible  by  the  availability  of  (1)  mutants  defective  in  DNA  synthesis 
and  (2)  large  amounts  of  bacteria  necessary  for  biochemical  studies.  It 
is  expected  that  the  understanding  that  this  work  is  generating  about 
the  process  of  DNA  replication  in  E.  coli  will  shed  light  on  the  nature 
of  the  same  process  in  animal  cells.   Perhaps  if  normal  replication  were 
understood,  we  would  be  better  able  to  study  the  abnormalities  of  cancer 
cells . 

Proposed  Course:   To  continue  studying  biochemical  mechanisms  involved 
in  DNA  synthesis  using  purified  proteins  and  defined  DNA  templates.   Also, 
to  study  double-stranded  DNA  replication  by  first  developing  an  in  vitro 
DNA  synthesizing  reaction  dependent  on  double-stranded  X  DNA. 
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Publications : 

Wickner,  S. :   DNA  replication  proteins  of  E.  coli  and  phage  X.   (1979). 
In  Cold  Spring  Harbor  Symposium  of  Quantitative  Biology,  New  York:   Cold 
Spring  Harbor  Laboratory,  pp  303-310. 

Wickner,  S.:   Oligonucleotide  synthesis  by  E.  coli  dnaG  protein  and  phage 
P22  gene  12  protein.   (1980).   In  Mechanistic  Studies  of  DNA  Replication 
and  Genetic  Recombination,  New  York:   Academic  Press.   (in  press). 
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in  excisive  site-specific  recombination  of  bacteriophage  lambda.   We  are 
studying  the  role  of  the  phage-coded  functions,  Xis  and  Int ,  and  host-coded 
functions  in  this  recombination  reaction.   We  have  found,  in  vivo,  that 
Xis  and  a  host  function,  Him  A,  can  partially  substitute  for  each  other 
in  the  recombination  reaction.   We  are  extending  these  studies  to  the 
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Project  Description: 

Objectives :   Bacteriophage  lambda  inserts  into  and  excises  from  the 
E.  coli  chromosome.   This  recombination  occurs  at  a  unique  site  in  the 
viral  and  host  chromosomes,  and  is  promoted  by  several  functions.   We 
have  previously  demonstrated  the  excision  reaction  in  vitro.   Our  object 
is  to  continue  to  study  the  mechanism  of  phage  excision,  by  purifying 
and  analyzing  the  components  of  the  in  vitro  system. 

Methods  Employed:   Standard  microbial  genetic  and  biochemical  techniques 

Major  Findings:   1)   A  plasmid  has  been  constructed  which  carries 
a  small  portion  of  the  X  genome.   This  multicopy  plasmid,  when  X  repressor 
is  removed  by  heat  induction,  can  make  large  quantitites  of  Xis.   The 
induced  cells  thus  provide  a  greatly  improved  source  of  Xis  for  purification. 

(2)   Purified  Int  can  carry  out  excision  in  the  absence  of  Xis  in  vitro, 

but  such  excision  proceeds  slowly  and  occurs  only  at  relatively  low  salt 

concentrations.   At  higher  salt  concentrations,  Xis  is  required  for  the 
excision  reaction. 
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Aims:   Purification  of  host  factors  involved  in  excision;  identification 
of  the  role  of  Xis  in  site-specific  recombination  and  its  mechanism  of 
interaction  with  Int  and  DNA;  comparison  of  the  roles  of  Xis  and  Him  A. 

Publications : 

Abremski,  K. ,  and  Gottesman,  S.   The  form  of  the  DNA  substrate  required 
for  excisive  recombination  of  bacteriophage  lambda.   J.  Mol.  Biol. 
131:   637-649,  1979. 

Pollock,  T.J.,  and  Abremski,  K.   DNA  without  supertwists  can  be  an  in 
vitro  substrate  for  site-specific  recombination  of  bacteriophage  X. 
J.  Mol.  Biol.  131:   651-654,  1979. 

Gottesman,  S.,  and  Abremski,  K.   The  role  of  Him  A  and  Xis  in  lambda 
site-specific  recombination  J.  Mol.  Biol.  138,  in  press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  entry  of  insulin,  epidermal  growth  factor,  triiodothyronine  and 
ct?macroglobulin  into  cells  has  been  studied  by  video  intensification 
microscopy  and  immunocytochemistry .   Hormones  initially  bind  to  diffusely 
distributed  receptors.   The  hormone  ligand  complexes  then  cluster  in 
coated  pits  and  are  internalized  in  a  specialized  vesicle  termed  a  receptosome. 


Entry  is  blocked  by  inhibitors  of  transglutaminase  suggesting  cellular 
TG  is  involved  in  the  process. 
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Project  Description: 

Objectives :   To  identify  the  membrane  proteins  that  participate  in 
cell  adhesion,  cell  movement  and  regulate  cell  metabolism  and  growth  and 
to  determine  if  these  are  altered  in  malignant  transformation. 

Methods :   Cell  culture;  preparation  and  analysis  of  membrane  proteins 
and  their  effects  on  cell  behavior;  isolation  of  mutants  with  defective 
membrane  proteins. 

Major  Findings:   We  have  continued  to  study  the  binding  and  entry 
of  alphaj-macroglobulin,  insulin,  triiodo-L-thyronine  and  epidermal  growth 
factor  using  fibroblastic  cells.   After  binding  to  diffusely  distributed 
receptors,  the  ligand  receptor  complexes  collect  in  aggregates  in  coated 
pits  and  enter  the  cell  within  a  few  minutes.   For  the  next  fifteen  to 
thirty  minutes  the  ligands  are  found  in  a  unique  vescicular  structure 
which  we  have  termed  a  "receptosome . "   The  receptosomes  move  by  saltatory 
motion  and  gradually  accumulate  in  the  Golgi  region  of  the  cell.   At  this 
time  the  ligand  is  found  in  Golgi  vesicles.   Later  the  ligand  appears 
in  small  lysosomes  which  we  believe  are  newly  formed  lysosomes.   To  date 
we  have  been  unable  to  visualize  significant  quantities  of  alpha„- 
macroglobulin,  insulin,  or  epidermal  growth  factor  in  the  nucleus. 
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A  number  of  compounds  have  been  identified  which  inhibit  the  clustering 
of  alpha_-macroglobulin  in  coated  pits  and  inhibit  the  entry  of  alpha_- 
macgroglobulin,  insulin  and  triiodo-L-thyronine .   These  include  methylaraine , 
dansylcadaverine,  bacitracin  and  certain  affinity-labels  for  transglutaminase. 
Since  all  these  compounds  inhibit  transglutaminase,  we  have  hypothesized 
that  tranglutaminase  is  required  for  the  clustering  process. 

The  pattern  of  inhibition  of  epidermal  growth  factor  entry  by  these 
inhibitors  is  different.   Bacitracin  and  the  affinity  label  are  ineffective 
in  blocking  the  entry  of  epidermal  growth  factor.   Dansylcadaverine  is 
effective  only  at  high  concentrations.   Dr.  Haigler  has  identified  other 
compounds  that  inhibit  EGF  entry.   These  compounds  are  inhibitors  of  the 
enzyme  phospholipase  A  .   He  is  investigating  the  possible  role  of  this 
enzyme  in  internalization. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  invasive  properties  of  tumor  cells  may  be  due  to  altered  membrane 
proteins.   Identification  and  isolation  of  the  proteins  may  suggest  new 
methods  of  cancer  treatment.   Objective  3,  Approach  3.5. 

Proposed  Course:   To  identify  the  biochemical  steps  and  the  enzymes 
involed  in  hormone  internalization.    To  understand  the  factors  that 
enable  receptosomes  to  move  and  to  transfer  their  contents  to  other 
vesicular  compartments.   To  investigate  whether  this  pathway  is  altered 
in  transformed  cells. 

Publications : 

Willingham,  M.C.,  Maxfield,  F.R.,  and  Pastan,  I.H.   a  Macroglobulin  binding 
to  the  plasma  membrane  of  cultured  fibroblasts:   diffuse  binding  followed 
by  clustering  in  coated  region.   J.  Cell  Biol.  82:   614-625,  1979. 

Maxfield,  F.R.,  Willingham,  M.C.,  Davies,  P. J. A.,  and  Pastan,  I.   Amines 
inhibit  the  clustering  of  a  -macroglobulin  and  EGF  on  the  fibroblast 
cell  surface.   Nature  277:   661-663,  1979. 

Keen,  J.H. ,  Willingham,  M.C.,  and  Pastan,  I.H.   Clathrin-coated  vesicles: 
Isolation,  dissociation  and  factor-dependent  reassociation  of  clathrin 
baskets.   Cell  16:   303-312,  1979. 

Maxfield,  F.R.,  Willingham,  M.C.,  Schlessinger ,  J.,  Davies,  P. J. A.,  and 
Pastan,  I.   Receptor-mediated  internalization  of  proteins  and  polypeptide 
hormones  by  cultured  fibroblasts.   Cold  Spring  Harbor,  1978. 

Cheng,  S.,  Eberhardt,  N.L. ,  Robbins,  J.,  Baxter,  J.D.,  and  Pastan, I. 
Fluorescent  rhodamine-labeled  thyroid  hormone  derivatives:   synthesis 
and  binding  to  the  thyroid  hormone  nuclear  receptor.   FEBS-Letters  100: 
113-116,  1979. 
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Moore,  L.  ,  and  Pastan,  I.   A  calcium  requirement  for  movement  of  cultured 
cells.   J.  Cell  Phy.  101:   101-108,  1979. 

Anderson,  W.B.,  Gallo,  M.  ,    Wilson,  J.,  Lovelace,  E.  ,  and  Pastan,  I. 

Effect  of  epidermal  growth  factor  on  prostaglandin  E  -stimulated  accumulation 

of  cyclic  AMP  in  fibroblastic  cells.   FEBS-Letters  102:   329-332,  1979. 

LeCam,  A.,  Maxfield,  F. ,  Willinghara,  M. ,  and  Pastan,  I.H.   Insulin  stimula- 
tion of  amino  acid  transport  in  isolated  rat  hepatocytis  is  independent 
of  hormone  internalization.   Biochem.  Biophys.  Res.  Commun.  88:   873-881,  1979, 

Maxfield,  F.R.,  Davies,  P. J. A.,  Klempner,  L. ,  Willingham,  M.C.  and  Pastan,  I. 
Epidermal  growth  factor  stimulation  of  DNA  synthesis  is  potentiated  by 
compounds  that  inhibit  its  clustering  in  coated  pits.   Proc .  Natl.  Acad. 
Sci. ,  USA,  76:   5731-5735,  1979. 

Moore,  L. ,  and  Pastan,  I.   Effect  of  cell  density  on  energy-dependent 
calcium  uptake  by  Balb/c  3T3  membranes  is  independent  of  protein  synthesis 
and  attachment  to  substratum.   J.  Cell  Physiol.  101:   109-116,  1979. 

Davies,  P. J. A.,  Wallach,  D. ,  Willingham,  M. ,  Pastan,  I.,  and  Lewis,  M.S. 
Self-association  of  chicken  gizzard  filamin  and  heavy  merofilamin. 
Biochemistry,  in  press,  1980. 

Davies,  P. J. A.,  Davies,  D.R.,  Levitzki,  A.,  Maxfield,  F.R.,  Milhaud,  P., 
Willingham,  M.C,  and  Pastan,  I.H.   Evidence  that  transglutaminase  plays 
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Willingham,  M.C,  Yamada,  S.,  and  Pastan,  I.  Ultrastructural  localization 
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1980. 

Pouyssegur,  J.,  and  Pastan,  I.   The  directionality  of  locomotion  of  mouse 
fibroblasts.   Exp.  Cell  Res.  121:   373-382,  1979. 

Haigler,  H.T.,  Maxfield,  F.R.,  Willingham,  M.C.  and  Pastan,  I. 
Dansylcadaverine  inhibits  internalization  of    I-epidermal  growth  factor 
in  Balb  3T3  cells.   J.  Biol.  Chem.  255:   1239-1241,  1980. 

Levitzki,  A.,  Willingham,  M. ,  and  Pastan,  I.   Evidence  for  the  participation 
of  transglutaminase  in  receptor  mediated  endocytosis.   Proc.  Natl.  Acad. 
Sci.  USA,  in  press,  1980. 

Cheng,  S.,  Maxfield,  F.R.,  Robbins,  J.,  Willingham,  M.C,  and  Pastan,  I.H. 
Receptor-mediated  uptake  of  3 ,3 ' ,5-Triiodo-L-Thyronine  by  cultured  fibro- 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  Ion  mutants  of  E.  coli  have  pleiotropic  effects  on  cell  growth; 
a)  they  are  defective  in  the  formation  of  septa  between  dividing  cells  after 
treatment  with  ultraviolet  light  and  therefore  form  long  filaments ,  b)  they 
overproduce  the  mucopolysaccharide  coating  of  cells,  possibly  by  disrupting 
the  control  of  operons  involved  in  synthesis  of  mucopolysaccharide,  such 
as  the  gal  operon,  c)  they  are  defective  in  the  degradation  of  abnormal  proteins 
We  are  investigating  the  genetic  defect  in  the  Ion  mutants  with  the  aim  of 
determining  the  interrelationships  of  these  defects. 


206 


PHS-6040 
(Rev.  10-76) 


Serial  No.  Z01  CB  08714-03  LMB 

1.  Laboratory  of  Molecular  Biology 

2.  Biochemical  Genetics  Section 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

October  1,  1979  through  September  30,  1980 

Project  Title:   Mode  of  Action  of  a  Bacterial  Function  Involved  in  Cell 
Growth  Control 

Previous  Serial  Number:   ZOl  CB  08714-02  LMB 

Principal  Investigators:   Susan  Gottesman,  Patsy  Trisler,  Max  Gottesman, 

Saeko  Mizusawa 

Other  Investigator:   None 

Cooperating  Units:   None 

Man  Years:   October  1,  1979  through  September  30,  1980 


Total: 

Professional : 
Other: 


2.5 
2.5 
0.0 


Project  Description: 

Objectives :   Lon  mutants  are  mucoid,  UV  sensitive,  and  defective  in 
degradation  of  abnormal  proteins.   We  are  investigating  the  genetics  of  these 
mutations  as  a  basis  for  future  biochemical  characterization. 

Methods  Employed:   Standard  microbial  genetic  and  biochemical  techniques. 

Major  Findings:   1)   X  N  protein,  which  positively  controls  the  expres- 
sion of  many  X  functions,  is  known  to  be  unstable.   We  have  demonstrated 
that  N  protein  is  stabilized  in  lon  mutants.   This  is  the  first  example 
of  a  wild-type  protein  whose  degradation  is  affected  by  the  lon  system. 
Since  a  number  of  other  unstable  X  proteins  (0,  xis)  are  not  stabilized 
by  a  lon  mutation,  the  lon  degradation  system  displays  substrate  specificity. 
2)   A  particular  class  of  rho  mutants  (HDF026) ,  defective  for  phage  T4 
growth,  displays  increased  degradation  of  some  abnormal  proteins.   Complemen- 
tation of  rho  HDF026  with  specialized  transducing  phages  carrying  rho+ 
and  rhots  genes  have  confirmed  that  the  mutation  is  in  the  rho  gene.   Rever- 
tants  of  HDF026  which  increase  the  activity  of  X  N  product  have  been  isolated 
and  characterized.   3)   To  study  the  mechanism  by  which  lon  exerts  its 
pleiotropic  effects,  we  have  isolated  operon  fusions  of  lac  with  various 
operons  thought  to  be  under  lon  control.   Fusions  have  been  isolated  in  gal 
genes,  in  other  genes  involved  in  mucopolysaccharide  synthesis,  and  in  sulA, 
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involved  in  abnormal  f ilamentation  in  Ion  strains.   B-galactosidase 
activity  can  be  used  as  a  measure  of  the  levels  of  transcription  of  these 
genes.   The  advantages  of  this  approach  are  a)   The  activity  of  a  lacz, 
which  is  not  involved  in  the  Ion  phenotype,  can  be  assayed  instead 
of  the  products  of  many  different  genes  located  in  a  variety  of  places  on 
the  chromosome,   b)   Many  of  the  genes  of  interest  are  difficult  or  impossible 
to  assay  at  the  present  time.   3)   Transcriptional  effects  on  gene  expression 
can  easily  be  detected.   (4)   Filamentation  after  UV  has  been  extensively 
examined  in  Ion  mutants  and  in  strains  carrying  various  combinations  of  two 
suppressors  of  filamentation,  sulA  and  sulB.   It  has  been  found  that  a) 
All  Ion  effects  on  filamentation  are  mediated  through  sulA.   b)   While  the 
abnormal  hyper-f ilamentation  of  Ion  strains  requires  sulA+  product,  the 
normal  slight  filamentation  seen  in  wild  type  strains  after  UV  treatment 
does  not.   c)   sulB  mutations  are  epistatic  to  both  Ion  and  sulA  mutations 
and  probably  represent  a  modification  in  a  protein  necessary  for  cell 
division.   d)   sulB  mutants  are  dominant  to  wild  type;  sulA  mutants  are 
recessive.   5)   T4  is  known  to  inhibit  degradation  of  abnormal  proteins. 
The  decrease  in  degradation  is  comparable  to  the  decrease  found  in  Ion  strains. 
We  have  cloned  segments  of  the  T4  genome  onto  a  X  phage  in  an  attempt  to 
identify  and  characterize  the  inhibitor  T4  function. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
An  understanding  of  the  growth  control  of  E.  coli  may  serve  as  a  model  for 
understanding  growth  control  in  normal  and  transformed  mammalian  cells. 
Protein  degradation  is  believed  to  play  an  important  role  in  the  control 
of  mammalian  cells;  insight  into  such  processes  should  be  gained  by  further 
investigation  of  the  process  in  E_.  coli  ■ 

Proposed  Course:   Identification  of  genes  controlled  by  Ion  and  the 
mode  of  their  control;  identification  of  the  biochemical  defect  in  protein 
degradation,  and  its  relation  to  the  Ion  product;  correlation  of  Ion 
effects  on  the  gal  operon  with  other  detailed  studies  of  the  Ion  operon; 
identification  of  other  cell  systems  involved  in  protein  degradation. 
Identification  of  mechanism  of  control  of  genes  affected  by  Ion,  via  genetic 
analysis  of  lac  fusion  strains.   Identification  and  characterization  of  T4 
protein  involved  in  inhibition  of  degradation. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Cultured  mouse  fibroblasts  which  are  transformed  by  RNA  viruses,  a  DNA 
virus  or  a  chemical  agent,  all  secrete  a  35,000  M-  glycoprotein  (major  excreted 
protein,  MEP)  in  large  amounts.   Non-transformed  murine  fibroblasts  secrete  thi£ 
protein  in  much  lower  amounts.   These  fibroblasts  and  other  murine  cells  can 
be  stimulated  to  release  MEP  by  treatment  with  tumor  promoters.   We  have  puri- 
fied this  protein  and  prepared  antisera  against  it.   The  protein,  of  unknown 
biologic  function,  undergoes  extensive  modification  prior  to  secretion.   We 
are  studying  this  system  as  a  model  of  regulation  of  protein  synthesis,  pro- 
cessing and  secretion  as  it  is  affected  by  transformation  and  agents  which 
mimic  the  transformed  state,  such  as  tumor  promoters . 
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Project  Description: 

Objectives :   To  determine  the  mechanism  of  the  control  of  synthesis, 
processing,  and  secretion  of  the  major  secreted  protein  of  murine  fibroblasts. 

Methods :  Cell  culture;  radiolabelling  of  cell  proteins,  electro- 
phoretic  and  chromatographic  techniques;  immunoprecipitation;  in  vitro 
translation  of  mRNAs ;  recombinant  DNA  technology. 

Major  Findings:   (1)   We  have  identified  a  major  excreted  protein  (MEP) 
of  transformed  murine  cells.   Synthesis  and  secretion  of  MEP  is  increased 
in  all  transformed  murine  fibroblasts  tested  when  compared  to  non-transformed 
fibroblasts  and  is  well-correlated  with  anchorage  independence,  and  hence 
with  tumorigenicity.   Rat  cell  lines  secrete  a  similar  protein  which  cross- 
reacts  with  MEP. 


(2)  The  purified  MEP  is  extremely  heterogeneous,  with  variation  in 
molecular  weight  and  charge.   The  molecular  weight  variation  is  accounted 
for  by  variable  glycosylation.   The  charge  variation  is  due  to  the  presence 
of  multiple  mRNA  species  for  MEP,  or  variations  in  translation  of  a  single 
species . 

(3)  Tumor-promoting  phorbol  esters  stimulate  the  synthesis  and  secre- 
tion of  MEP  from  non-transformed  mouse  fibroblasts  and  epidermal  cells.   For 
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fibroblasts 3  this  stimulation,  and  the  transformation-related  increase, 
is  due  to  an  increase  in  levels  of  translatable  mRNA  for  MEP. 

(4)   Using  the  mouse  skin  model  of  tumor  promotion,  it  is  possible 
to  show  that  stimulation  of  MEP  synthesis  also  occurs  in  skin  cells  after 
treatment  with  tumor  promoters  rn  vivo. 

Significance  for  Cancer  Research:   MEP  is  both  a  marker  of  transforma- 
tion and  a  sensitive  indicator  of  the  presence  of  at  least  one  tumor  promoter. 
If  human  tumor  cells  are  found  to  secrete  a  similar  polypeptide,  its  detec- 
tion could  serve  as  an  aid  in  diagnosis  and  therapy  of  cancer.   The  induction 
of  its  synthesis  by  tumor  promoters  could  serve  as  a  screening  test  for  these 
agents  in  the  environment.   If  MEP  is  found  to  fill  an  essential  role  in  tumor 
growth  or  metastasis,  then  specific  therapy  aimed  at  neutralizing  it  could  be 
designed.   Objective  3,  Approach  3.5. 

Proposed  Course:   To  continue  to  analyze  the  molecular  mechanism  under- 
lying induction  of  MEP  by  using  cloned  MEP  cDNAs  as  probes  to  measure  MEP  mRNA 
levels  after  transformation  and  treatment  with  tumor  promoters;  to  develop  a 
radioimmunoassay  for  MEP  for  use  in  screening  human  and  other  cell  lines  for 
MEP;  to  continue  to  use  MEP  as  a  marker  of  the  molecular  events  involved  in 
tumor  promotion  and  transformation. 

Publications : 

Gottesman,  M.M.   Transformation-dependent  secretion  of  a  low  molecular 
weight  protein  by  murine  fibroblasts.   Proc.  Natl.  Acad.  Sci.   75:   2767- 
2771,  1978. 

Gottesman,  M.M.  and  Sobel,  M.E.   Tumor  promoters  and  Kirsten  sarcoma 

virus  increase  synthesis  of  a  secreted  glycoprotein  by  regulating  levels  of 

translatable  mRNA.   Cell   19:   449-455,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  E.  coli  himA  gene  (38.5  minutes  on  the  E.  coli  linkage  map 
encodes  a  protein  involved  in  site-specific  recombination.   We  find  that 
the  himA  gene  product  is  required  for  the  precise  excision  of  certain  tran- 
posons  (e.g.  TnlO)  but  not  for  others  (e.g.  IS1).   The  efficiency  of 
transposition  is  not  affected  by  a  himA  mutation. 

Analysis  by  2-diraensional  poly-acrylamide  gel  electrophoresis  of  proteins 
made  by  a  XhimA  transducing  phage  suggests  that  himA  is  an  8,000  dalton 
MW  protein. 
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Project  Description: 

Objectives :   Temperate  bacteriophage,  as  well  as  transposable 
genetic  elements  recombine  with  the  E.  coli  chromosome  by  site-specific 
recombination.   We  have  shown  that  hosteirotiens  participate  in  these 
recombination  reactions  by  isolating  host  mutations  that  reduce  or 
eliminate  several  types  of  site-specific  recombinations.   We  plan  to 
elucidate  the  mechanism  of  site-specific  recombination  by  analysis 
of  the  effect  of  these  mutations. 

Methods :   Standard  microbial  genetic  and  biochemical  techniques. 

Major  Findings:   We  find  that  the  frequency  of  precise  excision 
of  transposors  from  episomes  is  much  higher  than  from  the  chromosome. 
The  frequency  of  precise  excision  from  either  location  is  strongly 
reduced  in  himA  mutant  strains.   The  frequency  of  transposition  is 
unaffected  by  himA  mutations.   The  himA  gene  product  appears  to  be 
a  protein  of  8,000  daltons  MW. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Glycosylation  of  protein  is  not  required  for  the  export  or  secretion 
of  fibronectin,  acetylcholine  receptor  (AChR) ,  and  procollagen,  nor  for  the 
fusion  of  embryonic  muscle  cells  in  culture.   Similarly,  glycosylation  is 
not  required  for  the  biological  activity  of  fibronectin  or  the  alpha-bungarotox 
binding  of  AChR.   Studies  with  all  these  systems  indicated  that  the  carbohydrat 
was  required  to  stabalize  the  protein  moiety  against  proteolytic  degradation. 

The  "complex"  carbohydrate  structure  of  fibronectin  is  synthesized  as 
a  "high-mannose"  precursor. 
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Project  Description: 

Objectives :   A  model  to  explain  the  function  of  carbohydrates, 
covalently  associated  with  proteins,  was  first  proposed  by  Eylar  in 
1966.   The  basic  premise  of  his  theory  is  that  the  carbohydrate  moiety 
is  required  for  the  transport  of  newly  synthesized  glycoprotein  into 
the  extracellular  environment.   Our  objectives  are  to  determine  if  this 
model  can  be  verified  experimentally,  and  also  to  test  the  possible 
requirement  of  carbohydrate  for  the  specific  biological  activity  mediated 
by  the  glycoprotein. 

A  third  objective  of  our  studies  is  to  investigate  the  biosynthetic 
processing  of  the  oligosaccharide  chains  of  cellular  fibronectin.   There 
are  two  structurally  distinct  types  of  asparagine-linked  oligosaccharides. 
The  first  is  the  "high  mannose"  carbohydrate  structure  containing  7-9 
mannose  residues  linked  to  N,N'-diacetylchitobiose .   The  second  is 
the  "complex"  structure  containing  terminal  residues  of  sialic  acid, 
fucose,  galactose  and  N-acetylglucosamine  attached  to  an  inner  core 
of  3-4  mannose  residues  linked  to  N,N'-diacetylchitokiose .   Our  objective 
is  to  determine  if  the  "complex"  carbohydrate  structure  of  fibronectin 
is  synthesized  as  a  "high -mannose"  precursor. 
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Methods :   We  have  inhibited  the  glycosylation  of  fibronectin,  acetyl- 
choline receptor  (AChR),  and  surface  glycoproteins  of  embryonic  muscle 
cells  with  tunicamycin  (TM)  to  study  the  contribution  of  the  carbohydrate 
moiety  to  the  biosynthesis,  processing,  turnover  and  biological  activity 
of  these  glycoproteins. 

The  amount  of  nonglycosylated  fibronectin  and  muscle  surface  protein 
exposed  on  the  cell  surface  was  quantitated  by  iodination  of  intact 
cells,  SDS  polyacrylamide  gel  electrophoresis,  or  by  a  double  immunoprecipi- 
tation  procedure  using  affinity-purified  anti-f ibronectin .   The  amount 
of.AChR  exposed  on  the  cell  surface  was  determined  by  the  binding  of 

I-alpha  bungarotoxin  (a-Bgt).   The  rate  of  processing  and  transport 
to  the  cell  surface  was  determined  by  the  rate  at  which  newly  synthesized 
glycoprotein  becomes  trypsin  sensitive  as  it  becomes  exposed  on  the 
cell  surface. 

To  examine  the  biological  activity  of  fibronectin,  we  used  three 
approaches.   First,  we  directly  measured  the  effects  of  fibronectin 
on  cell-cell  adhesiveness  in  a  model  system  that  measures  hemagglutinating 
activity.   Second,  we  performed  recons ti tution  experiments  in  which 
fibronectin  was  added  to  transformed  cells  deficient  in  this  glycoprotein 
and  measured  its  capacity  to  restore  the  fibroblastic  morphology,  charac- 
teristic of  nontransformed  cells.   Third,  we  evaluated  fibronectin  in 
assays  for  cell  attachment  to  collagen  and  cell  spreading.   For  these 
studies  nonglycosylated  fibronectin  was  isolated  from  cell  homogenates 
of  chicken  embryo  fibroblasts  by  incubation  with  anti-f ibronectin  affinity 
chromatography . 

Major  Findings:   The  major  findings  of  these  studies  are  that  a 
drastic  inhibition  of  fibronectin  glycosylation  does  not  prevent  its 
secretion  or  export  to  the  cell  surface;  that  the  amounts  and  rates  of 
newly  synthesized  fibronectin  exported  to  the  cell  surface  are  only 
slightly  inhibited  by  this  underglycosylation;  that  total  quantities 
of  fibronectin  are  substantially  reduced  in  all  except  intracellular 
pools,  and  that  this  decrease  can  be  accounted  for  by  a  specific  enhance- 
ment in  the  rate  of  fibronectin  degradation.   Similar  results  were  obtained 
with  AChR-an  integral  membrane  glycoprotein,  and  for  the  surface  glyco- 
proteins of  differentiating  muscle  cells.   Thus  carbohydrates  may  be 
necessary  for  stabilizing  these  proteins  against  proteolytic  degradation, 
rather  than  for  export  or  secretion. 

Similarly,  glycosylation  was  not  required  for  the  biological  activities 
mediated  by  fibronectin,  nor  for  the  fusion  or  differentiation  of  embryonic 
muscle  cells  in  culture-a  process  shown  to  be  mediated  by  surface 
glycoproteins )  . 

Our  results  on  the  processing  of  the  oligosaccharide  chains  of 
fibronectin  are  consistent  with  a  common  pathway  for  the  biosynthesis 
of  both  the  "complex"  and  "high-mannose"  carbohydrate  structures  in 
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in  chick  embryo  fibroblasts.   The  data  indicate  that  a  "high-mannose" 
oligosaccharide  is  initially  associated  with  the  polypeptide  moiety 
of  fibronectin.   Within  minutes,  processing  of  the  oligosaccharide  is 
initiated  and  approximately  65%  of  the  [  H]  mannose  is  excised  by  30-60  min 
as  the  precursor  is  convereted  to  the  mature  glycoprotein.   The  final 
oligosaccharide  is  larger,  and  is  no  longer  sensitive  to  the  enzyme 
endo-0-N-acetylglucosaminidase  H. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
Carbohydrates  may  play  a  significant  role  in  the  stability  of  cell  surface 
glycoproteins  in  normal  and  transformed  cells  thereby  regulating  their 
quantities  on  the  cell  surface. 

Proposed  Course:  To  determine  the  role  of  carbohydrates  in  the 
stability  and  segregation  of  glycoproteins  in  differentiating  muscle 
cells . 

Publications : 

Olden,  K.,  Pratt,  R.M.,  Jaworski ,  C.J.,  and  Yamada,  K.M.   Effect  of 
inhibitors  of  glycosylation  on  membrane  transport.   Proc ■  Natl.  Acad. 
Sci.  USA  76:   791-795,  1979. 

Olden,  K.,  Pratt,  R.M. ,  and  Yamada,  K.M.   Selective  cytotoxicity  of 
tunicamycin  for  transformed  cells.   Internatl.  J.  Cancer  24:   60-66,  1979. 

Olden,  K. ,  and  Olden,  A.T.   Role  of  carbohydrates  in  protein  secretion. 
In  Recent  Advances  in  Cancer  and  Molecular  Biology  (ed.  W.A.  Guillory, 
Utah  University  Press,  pp.  19-41)  1979. 

Olden,  K.,  Pratt,  R.M..,  and  Yamada,  K.M.   Role  of  carbohydrate  in  biological 
function  of  the  adhesive  glycoprotein  fibronectin.   Proc.  Natl.  Acad. 
Sci.  USA  76:   3343-3347,  1979. 

Pratt,  R.M.,  Yamada,  K.M. ,  Olden,  K-,  Ohanian,  S.H.,  and  Hascall,  V.C. 
Tunicamycin-induced  alterations  in  the  synthesis  of  sulfated  proteoglycans 
and  cell  surface  morphology  in  the  chick  embryo  fibroblast.   Exptl . 
Cell  Res.  118:   245-252,  1979. 

Prives,  J.M.,  Christian,  C,  Penman,  S.,  and  Olden,  K.   Neuronal  regulation 
of  muscle  acetylcholine  receptor;  Role  of  muscle  cytoskeleton  and  receptor 
carbohydrate.   In  Tissue  Culture  in  Neurobiology  (eds.  E.  Giacokini, 
A.  Vernadakis  and  A.  Shahar)  Raven  Press,  N.Y.  pp.  176-203,  1980. 
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Olden,  K. ,  Hahn,  L.  ,  and  Yamada,  K.M.   Fibronectin:   Property  and  role 
in  cellular  morphology  and  adhesion  in  Cell  Adhesion  (eds.  A.  Curtis 
and  J.  Pitts)  Cambridge  University  Press,  Cambridge  England,  in  press, 
1980. 

Olden,  K. ,  Hunter,  V.A. ,  and  Yamada,  K.M.   Biosynthetic  processing  of 
the  oligosaccharide  chains  of  cellular  fibronectin.   Biochim.  Biophys . 
Acta,  in  press,  1980. 

Prives ,  J.M. ,  and  Olden,  K.M.   Carbohydrate  requirement  for  expression 
and  stability  of  acetycholine  receptor  on  the  surface  of  embryonic  muscle 
cells  in  culture.   Proc .  Natl.  Acad.  Sci.  USA,  in  press,  1980. 

Yamada,  K.M.,  Hahn,  L. ,  and  Olden,  K.   Fibronectins :   Structure  and 
function.   J.  Supramol.  Structure,  in  press,  1980. 

Yamada,  K.M.,  Olden,  K.,  and  Hahn,  L.E.   Cell  surface  protein  and  cell 
interactions.   Developmental  Biol.,  in  press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  continued  our  study  of  bacteriophage  X  hin  function  and  have 
shown  that  it  is  responsible  for  several  alterations  in  E.  coli  physiology 
(Transformation) .   We  believe  these  alterations  result  from  an  effect 
on  the  E.  coli  membrane.   We  have  precisely  mapped  the  location  of  hin 
on  the  X  chromosome  and  have  isolated  several  mutants  which  affect  Hin 
expression. 

We  also  study  control  of  transcription  initiation  and  termination 
on  phage  X  DNA.   We  have  defined  a  discrete  site  p_  for  initiation  (promotor) 
on  XDNA.   p   initiation  requires  a  phage  positive-regulatory  function 
ell.   This  function  also  is  required  to  initiate  transcription  at  pT  another  X 
promotor. 

Transcription  termination  has  been  studied.   A  discrete  site  on  X, 
tRl ,  has  been  shown  to  terminate  transcription  both  in  vitro  and  in  vivo 
in  the  presence  of  the  E.  coli  factor  Rho . 
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Project  Description: 

Objectives :   We  are  interested  in  a  type  of  transformation  of  E.  coli 
by  X .   To  examine  this  problem  we  are  more  precisely  mapping  the  function 
and  isolating  specific  mutations  which  inactivate  the  X  gene(s)  hin. 
Also  we  are  studying  the  changes  wrought  on  the  cellular  transport  systems 
and  cell  membrane  itself  by  X  hin  expression. 

We  have  cloned  the  X_tRl  Rho  dependent  termination  site  on  a  plasmid 
vector  and  are  in  the  process  of  isolating  new  termination  mutants  in 
this  site.   Additionally  we  have  cloned  Rho-independent  termination  sites 
and  will  isolate  mutations  in  these  sites  also. 

We  have  shown  how  cll/clll  allows  initiation  of  transcription  at 
the  P  promotor.   The  promotor  for  the  X  int  gene  P  is  also  controlled 
by  cli/cIII.   In  addition  it  is  controlled  by  a  second  more  distal  promotor 
P   as  well  as  a  region  adjacent  to  but  beyond  the  int  gene  (b2) .   b2  inhibit 
Int  synthesis  from  P  but  stimulates  Int  from  P  .   Its  mechanism  is  unclear 
but  may  be  understood  by  analyzing  transcription  from  P  or  P  with  or 
without  b2  present. 

Methods  Employed:   Standard  microbial,  genetical,  biochemical,  and 
recombinant  DNA  techniques. 
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Major  Findings:   (1)   X  hin  expression  affects  amino  acid,  base, 
and  nucleoside  uptake,  reduces  cAMP  levels  and  increases  ppGpp  levels 
in  E.  coli .   It  also  stabilizes  the  X  P  mRNA.   Hin  does  not  affect 
transport  mediated  by  ATP  or  proton  motive  force. 

(2)  The  X  hin  gene(s)  has  been  mapped  on  the  X  DNA  -  two  different 
genes  may  exist.   Mutations  that  affect  expression  of  hin  have  been 
isolated. 

(3)  Termination  by  rho  factor  and  RNA  polymerase  occur  at  identical 

sites  (at  t   )  in  vitro  and  in  vivo  on  X. 

Kl    ■ 

(4)  cin  mutation  enhances  termination  and  increases  a  region  of 
dyad  symmetry  in  the  DNA  at  _t  ..  .   The  cin  mutation  also  creates  a  new 
promotor  for  transcription  of  the  X  c_I  gene.   They  also  inactivate  the 
cin  promotor. 

(5)  cnc  mutations  reduce  termination  and  reduce  the  symmetry. 

(6)  ell  and  cIII  proteins  are  required  to  allow  RNA  polymerase  to 
initiate  transcription  at  the  p_  site  on  X  (_in  vivo). 

(7)  P   transcription  is  also  regulated  by  ell  and  cIII. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute: 
National  Cancer  Plan  Object  3,  Approach  1. 

In  cancer  cells,  the  expression  of  some  genes  are  permanently  turned  on, 
i.e.  expressed  constitutively .   Our  studies  are  aimed  to  understand  the  mo- 
lecular basis  of  how  genes  are  turned  on  and  off.   We  are  using  E.  coli  and 
X  as  model  systems.   This  understanding  might  help  to  prevent  conversions  of 
cells  to  those  capable  of  forming  cancers. 

Proposed  Course:   1.   To  determine  the  mechanism  of  host  transformation 
by  phage  X.   2.   To  determine  the  mechanism  of  transcription  termination. 
3.   To  determine  the  mechanism  of  transcription  initiation  and  control 
by  ell  and  cIII. 

Publications : 

Das,  A.,  Court,  D. ,  and  Adhya,  S.   Pleiotropic  effect  of  Rho  mutation 
in  Escherichia  coli.   Molecular  Basis  of  Host-Virus  Interaction  pp.  459- 
467  (ed.  M.  Chakravorty)  Science  Press,  Princeton,  1979. 

Rosenberg,  M. ,  and  Court,  D.   Regulatory  sequences  involved  in  the  promotion 
and  termination  of  RNA  transcription.   Annual  Review  of  Genetics  Vol. 
13,  pp.  319-353,  (eds.  Roman,  H.L.,  Campbell,  and  Sandler,  L.M.),  1979. 
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Court,  D.,  Gottesman,  M.  ,  and  Gallo,  M.   Bacteriophage  lambda  Hin  function  I, 
Pleiotropic  alteration  in  host  physiology.   J.  Mol .  Biol . ,  in  press,  1980. 

Court,  D.,  de  Crombrugghe,  B. ,  Adhya,  S.,  and  Gottesman,  M.   Bacteriophage 
lambda  Hin  function  II  enhanced  stability  of  lambda  messenger  RNA. 
J.  Mol. Biol.,  in  press,  1980. 

Wulff,  D.L.,  Beher,  M. ,  Izumi ,  S.,  Beck,  J.,  Mahoney ,  M. ,  Shimatake,  H. , 
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SUMMARY  OF  W0RK_ (200  words  or  less  -  underline  keywords) 

Recombinant  vectors  have  been  constructed  which  combine  elements  of  the 
prokaryotic  plasmid  PBR322  and  the  mammalian  virus  SV40.   Coding  sequences 
of  prokaryotic  or  eukaryotic  origin  may  be  inserted  into  these  vectors  and  the 
resulting  secondary  recombinants  propagated  in  E.  coli.   After  transfection  of 
mammalian  cells  with  the  secondary  recombinants,  the  inserted  coding  sequences 
are  expressed  constitutively  under  control  of  the  SV40  early  cistron.   Coding 
sequences  inserted  to  date  include  rabbit  beta-globin  and  E.  coli  plasmid 
dihydrofolate  reductase. 
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Objectives :   To  design  and  construct  "bifunctional"  recombinant  vectors 
which  will  serve  as  vehicles  both  for  cloning  eukaryotic  genes  in  E.  coli 
and  for  subsequent  transfer  of  the  cloned  genes  back  into  mammalian  cells. 

•  Methods :   Vectors  used  in  recombinant  DNA  research  must  provide  at  least 
three  function  elements:  a  selectable  marker,  a  mode  for  stable  propagation 
in  the  host  (integration  into  the  host  chromosome  or  independent  replication), 
and  site(s)  to  accept  insertion  of  foreign  DNA  sequences.   In  construction 
of  vectors  which  carry  sets  of  functional  elements  appropriate  for  both 
E.  coli  and  mammalian  cells,  we  have  recombined  DNA  from  several  well-charac- 
terized sources:   the  E.  coli  vector  PBR322,  bacteriophage  lambda,  E.  coli, 
DNA,  and  the  mammalian  virus  SV40 .   The  efficacy  of  these  recombinant  vectors 
for  transfer  of  genes  into  mammalian  cells  is  currently  being  tested  by 
standard  techniques  for  isolation  of  drug-resistant  cells  in  tissue  culture 
cell  lines. 

Major  Findings:   The  parent  recombinant  vector  in  this  series  is  desig- 
nated pSV2.   pSV2  combines  the  origin  of  replication  and  ampicillin-resistance 
marker  from  the  E.  coli  plasmid  PBR322  with  a  modified  SV40  early  region.   The 
SV40  early  region  retains  a  promoter,  intervening  sequence  and  polyA  addition 
site,  but  has  been  altered  by  deletion  of  75%  of  T  antigen  coding  sequence 
(including  the  AUG  initiation  codon)  and  by  placement  of  unique  Hindlll  and 
Bglll  restriction  endonuclease  sites  near  the  5'  end  of  the  transcribed  region. 
Cleavage  by  Hindlll  and  Bglll  generates  cohesive  ends  for  insertion  of  foreign 
coding  sequences  under  control  of  the  SV40  early  promoter. 
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We  have  inserted  into  pSV2  the  dihydrofolate  reductase  coding  sequence 
carried  on  the  E.  coli  plasmid  R388.   This  dihydrofolate  reductase  (dhfr)  is 
highly  resistant  to  the  folate  antagonist  methotrexate;  accordingly,  its 
transfer  into  and  expression  in  mammalian  cells  as  part  of  the  recombinant 
plasmid  pSV2-dhfr  should  confer  methotrexate  resistance  to  recipient  cells. 
Preliminary  results  appear  to  confirm  this  prediction. 

Significance  for  Cancer  Research  and  the  Program  of  the  Institute:   The 
availability  of  pSV2-dhfr  (and  related  bifunctional  recombinant  vectors  based 
on  pSV2)  should  find  application  in: 

(1)  Somatic  cell  genetic  studies  involving  selection  for  hybrid  cell 
lines. 

(2)  Transfer  of  non-selected  genes  into  mammalian  cells.   It  should  be 
possible  to  insert  chromosomal  DNA  segments  containing  entire  mammalian  genes 
(X)  at  secondary  restriction  sites  in  pSV2-dhfr.   Uptake  of  the  resulting 
pSV2-dhfr-X  structures  into  mammalian  cells  will  be  monitored  by  acquisition 
of  methotrexate  resistance. 

(3)  Study  of  cloned  mammalian  promoters.   The  SV40  early  promoter  may 
be  excised  from  pSV2-dhfr,  and  other  promoters  then  substituted  proximal  to 
the  dhfr  and  remaining  SV40  sequences  required  for  RNA  processing.   Of 
particular  interest  to  this  laboratory  will  be  the  insertion  of  promoters 
which  appear  to  exhibit  altered  function  in  malignantly  transformed  cells. 

(4)  Studies  on  the  mode  of  action  of  methotrexate.   Methotrexate  is  a 
drug  widely  used  in  cancer  chemotherapy,  and  its  effects  both  in  vivo  and  in  . 
vitro  have  been  intensively  studied;  nevertheless,  uncertainty  remains  as  to 
whether  its  sole  pharmacologically  important  action  is  inhibition  of  dihydro- 
folate reductase.   With  pSV2-dhfr  it  should  be  possible  to  circumvent  the 
methotrexate-induced  blockade  of  tetrahydrofolate  synthesis,  and  thereby  to 
distinguish  the  inhibition  of  dihydrofolate  reductase  from  possible  effects 
on  other  enzymes. 

Proposed  course:   Further  work  on  development  of  recombinant  vectors  will 
include:   (1)  identification  of  coding  sequences  which  will  serve  as  alterna- 
tive and/or  complementing  selectable  markers  in  mammalian  cells.   (2)  modifi- 
cations which  will  enhance  propagation  of  recombinants  in  mammalian  cells.   (3) 
alterations  which  will  permit  propagation  of  recombinants  in  E.  coli  after  in- 
sertion of  very  large  non-selected  mammalian  chromosomal  DNA  segments.   Experi- 
ments will  also  be  started  on  insertion  of  non-selected  intact  mammalian  genes 
and  promoter  sequences  into  the  recombinant  vectors  presently  available. 

Publications : 

Mulligan,  R.C.,  Howard,  B.H.,  and  Berg,  P.  Synthesis  of  rabbit  S-globin 
in  cultured  monkey  kidney  cells  following  infection  with  a  SV40  8-globin 
recombinant  genome.   Nature  277:   108-114,  1979. 
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LABORATORY  OF  PATHOPHYSIOLOGY 

ANNUAL  REPORT  SUMMARY 

October  1,  1979  to  September  30,  1980 


The  research  effort  of  the  Laboratory  of  Pathophysiology  is  focused  on  the 
following  subjects: 

1.  Pathology  of  mammary  gland  and  tumors. 

2.  Biochemical  changs  related  to  onset  and  cessation  of  lymphocyte 
proliferation. 

3.  Structure  and  function  of  biological  membranes. 

4.  Effects  of  ionizing  radiations  on  DNA  proteins  and  bone  marrow  cells. 

5.  Pathophysiology  of  cachexia  in  tumor-bearing  host. 

1.   Pathophysiology  of  mammary  gland  and  tumors 

The  largest  effort  of  the  laboratory  in  terms  of  manpower  is  concentrated 
in  this  area.   Seven  interrelated  projects  have  been  carried  on  during  the 
past  year. 

(la.)  Mechanism  of  hormone-dependent  mammary  tumor  regression:  (Y.  S.  Cho-Chung, 
J.  Bodwin,  T.  Clair,  A.  Kraft,  W.  B.  Anderson,  and  M.  0.  Pinkett) 
The  principal  objective  of  this  project  is  to  explain  the  sequence  of 
events  that  occur  when  a  mammary  tumor  regresses  after  removal  of  the  ovaries. 
Work  of  past  years  indicated  that  (a)  cyclic  AMP  is  involved  in  the  regression 
process  as  shown  by  a  sharp  increase  in  its  cytosol  concentrations  at  the 
onset  of  regression,  (b)  The  structural  integrity  of  the  cyclic  AMP  receptor 
must  be  maintained  for  regression  to  occur  and  (c)  formation  of  the  complex 
cyclic  AMP  +  binding  protein  +  catalytic  unit  of  protein  kinase  must  be  formed 
and  penetrate  into  the  nucleus.   Major  emphasis  in  the  past  year  was  placed  on 
the  observation  that  L-arginine  potentiated  the  inhibitory  regressing  effect 
of  dibutyrylcyclic  AMP.  In  vivo  arginine  was  found  to  increase  the  cyclic 
AMP  level  as  well  as  the  cAMP  phosphodiesterase  and  adenylate  cyclase  activi- 
ties of  the  tumor  cytosol.   Adenylate  cyclase  activation  was  NAD-dependent , 
and  the  105,000  x  g  supernatant  of  the  hormone-dependent  tumor  +  GTP  was 
able  to  induce  a  degree  of  ADP-ribosylation  of  the  tumor  membranes  just  as 
cholera  toxin  +  GTP.   Results  of  ongoing  experiments  suggest  that  an  increase 
of  ADP-ribose  acceptor  protein  may  occur  in  tumor  membranes  under  the  action 
of  arginine  methyl  ester.   As  an  _in  vivo  application  of  the  arginine  effect 
on  neoplastic  tissue,  a  diet  with  high  arginine  content  was  given  to  DMBA 
treated  rats.   Mammary  carcinogenesis  was  not  blocked  but  tumor  growth 
was  inhibited. 

Having  established  that  ovariectomy,  arginine  and  dibutyryl  cyclic  AMP 
induce  tumor  regression  via  the  same  mechanism  (i.e.,  increment  of  cyclic  AMP 
+  receptor  levels  in  the  cytosol  followed  by  transfer  to  the  nucleus  and  phos- 
phorylation), the  properties  of  cyclic  AMP-dependent  protein  kinase  types  I 
and  II  were  studied  in  the  mammary  gland  and  tumors.   In  the  virgin  gland, 
only  type  II  was  found  and  only  in  the  cytosol  fraction.   Both  types  increase 
during  gestation  with  a  II/I  ratio  of  2.0  until  day  15,  then  type  II  decreases 
to  about  1/2  and  the  II/I  ratio  becomes  ^0.5.   This  ratio  persists  during 
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early  lactation  but  returns  to  ^4.0  in  late  lactation  due  to  reduction  of 
type  I.   In  tumors,  the  levels  and  ratios  of  both  types  I  and  II  vary  and 
both  are  increased  by  cyclic  AMP  but  decreased  by  17  estradiol.   Cyclophosph- 
amide blocks  the  kinase  elevation  produced  by  cyclic  AMP.   Purification  of 
types  I  and  II  protein  kinases  is  now  under  way.   The  aim  is  the  production 
of  specific  antibodies  to  quantitate  the  variations  in  kinase  levels  during 
growth  and  regression  of  tumors. 

The  dependence  of  cyclic  AMP  production  and  adenylate  cyclase  activity 
on  hormonal  stimulation  has  been  studied  in  NRK  fibroblasts.   Incubation 
of  these  cells  with  isoproterenol  produces  a  loss  of  adenylate  cyclase  acti- 
vity but  does  not  block  the  specific  binding  of   ^H  -dihydroalprenolol  and 
g-adrenergic  antagonist.   This  suggests  that  desensitization  of  the  enzyme 
enzyme  is  probably  due  to  uncoupling  of  the  g-adrenergc  receptor.   The 
sensitization  was  prevented  by  quinacrine,  an  inhibitor  of  phospholipase  A2. 

The  control  of  cyclic  AMP  production  is  also  being  studied  by  analyzing 
the  inhibition  by  GTP  of  the  NKR  adenylate  cyclase  stimulated  by  cholera 
toxin.   It  was  found  that  the  GTP  inhibition  is  eliminated  by  a  limited 
hydrolysis  obtained  with  papain,  but  only  when  membranes  of  heavy  density 
cell  populations  were  used.  This  suggests  that  protease  activation  plays  a 
role  in  controlling  cyclic  AMP  production.   The  adenylate  cyclase  system 
was  also  studied  in  F9  teratocarcinoma  cells,  and  calcitonin  was  found  to 
be  a  potent  stimulator  of  cyclic  AMP  production  in  these  cells.   Since  F9 
cells  were  adapted  to  grow  in  serum-free  medium  and  they  are  able  to 
differentiate  in  culture,  a  variety  of  peptides  are  being  tested  with  the 
aim  of  correlating  adenylate  cyclase  activity  and  cell  differentiation. 

(lb.)  Requirements  for  growth  of  normal  and  neoplastic  mammary  epithelium 
(Dr.W.  Kidwell,  W.  M.  Lewko,  N.  Nolan,  L.  Liotta,  P.  Salomon): 

The  sites  of  cell  division  were  studied  in  ducts  and  alveoli  of  mammary 
gland  cultivated  in.  vitro.   Mitoses  were  observed  to  be  clustered  around 
remnants  of  basement  membrane  or  around  spindle  cells  staining  intensely  for 
type  IV  collagen.   This  finding  was  interpreted  to  indicate  that  type  IV 
collagen  was  an  indispensable  substratum  for  growth  of  mammary  epithelium. 
Confirmation  of  this  interpretation  was  obtained  in  experiments  showing 
that  tumors  normally  synthesizing  type  IV  collagen  stop  growing  when  cis- 
hydroxyproline  is  added  to  the  diet  as  a  competitor  of  proline.    Tumors  that 
are  unable  to  synthesize  type  IV  collagen  were  insensitive  to  cis-hydroxy- 
proline.   The  results  were  obtained  ±n   vitro.   Moreover,  the  blocking 
effect  of  cis-hydroxyproline  on  mammary  cell  growth  could  be  eliminated  by 
a  sufficiently  thick  substratum  of  type  IV  collagen  at  the  bottom  of  the 
culture  flask.   Prevention  of  type  IV  collagen  turnover  was  obtained  with 
hydrocortisone  which  blocks  synthesis  collagenase.   EGF  promoted  synthesis 
of  type  IV  collagen  and  cellular  growth  but  insulin  stimulated  growth  of 
mammary  epithelium  without  Interfering  with  either  collagen  or  collagenase 
production. 

Since  mammary  epithelium  grows  within  a  fat  pad,  the  effect  of  lipids 
on  these  cells  in  culture  was  tested.   In  general,  saturated  fatty  acids 
inhibited  while  unsaturated  fatty  acids  stimulated  growth  of  both  normal  and 
neoplastic  mammary  cells.   The  linoleic  to  palmitic  acid  ratios  were  studied 
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in  vivo  by  comparing  in  the  same  animal  an  intact  mammary  gland  with  the 
contralateral  fat  pad  deprived  of  epithelium.   Stimulation  of  the  animal 
with  perphenazine  induced  proliferatins  and  partial  secretion  in  the  mammary 
epithelium  while  the  content  of  linoleic  acid  in  the  intact  gland  was  reduced 
as  compared  with  the  gland-free  fat  pad.   This  suggests  that  stimulation  of 
the  epithelium  activated  lypolysis  and  selective  utilization  of  linoleic  acid 
occurred  when  the  epithelium  was  present.   These  data  fit  with  the  observation 
of  last  year  when  a  diet  free  of  linoleic  acid  was  shown  to  drastically  reduce 
the  development  of  mammary  epithelium  in  mice. 

(lc.  )  Role  of  collagen  and  collagenase  in  the  metastatic  process 

(L.  Liotta,  S.  Garbisa,  W.  Kidwell): 

A  neutral  protease  has  been  extracted  from  a  metastasis  of  T241  fibro- 
sarcoma, purified  about  1000  times  and  characterized  as  a  70-80,000  MW  molecule, 
inactive  at  acid  pH,  inhibited  by  ethylenediamine,  and  requiring  trypsin  for 
activation.   The  enzyme  produces  specific  cleavage  products  for  both  chains 
of  type  IV  collagen  and  fails  to  significantly  degrade  other  collagens  or 
fibronectin.   Connective  cells  and  endothelial  cells  do  not  secrete  the  enzyme 
but  inflammatory-type  cells  do.   Latent  collagenase  was  found  in  vivo  in  the 
tumor  interstitial  fluid  and  in  the  culture  medium  of  MCF-7  breast  carcinoma 
cells.   Neoplastic  cells  producing  large  amounts  of  collagenase  in  culture 
were  found  to  metastasize  more  frequently  than  cell  population  with  small 
collagenase  production. 

Monospecific  antibodies  were  produced  against  type  IV  collagen  and  are 
being  used  (a)  to  localize  epithelial  cells  that  produce  type  IV  collagen,  in 
particular  metastatic  mammary  cells  in  lymph  nodes,  and  (b)  to  outline  the 
basement  membrane  in  areas  of  cell  proliferation.   A  radioimmunoassay  for 
type  IV  collagen  has  been  developed  and  is  being  utilized  to  evaluate  collagen 
content  in  several  breast  diseases.   Antibodies  against  type  IV  collagenase 
(partially  purified)  have  been  obtained  and  a  first  intriguing  observation 
was  made,  i.e,  the  i.v.  injection  of  PMT  sarcoma  cells  preincubated  with 
this  antiserum  failed  to  produce  pulmonary  metastases. 

The  relationship  between  production  of  collagenase  and  invasion  by  neo- 
plastic cells  is  being  studied  in  vitro  with  a  newly  developed  assay  utilizing 
human  amnion. 

(Id. )  Angiogenesis  and  mammary  tumor  growth 
(M.  Ziche  and  P.  M.  Gullino): 

The  hypothesis  that  mammary  tissue  acquires  angiogenic  capcity  long 
before  any  morphological  sign  of  neoplastic  transformation  occurs  is  being  in- 
vestigated. Plastic  cover  slips  1.5  x  1.5  cm  in  size,  implanted  subcutaneously 
in  mice  induce  sarcomas  within  6-8  mos;  no  sarcomas  are  produced  with  cover 
slips  0.3  x  0.3  cm.   We  found  that  cells  attached  to  the  large  cover  slips 
acquire  high  angiogenic  activity  within  a  few  weeks  after  implantation,  but 
the  cells  attached  to  the  small  cover  slips  do  not.   Thus,  angiogenic  activity 
has  appeared  months  before  a  sarcoma  occurs. 

A  variety  of  cells  are  being  used  to  analyze  _in  vitro  the  effects  of 
cultivation,  virus  infection  and  treatment  with  chemical  carcinogens  in  refer- 
ence to  the  acquisition  of  angiogenic  activity.  The  mechanism  of  angiogenesis 
is  being  studied  by  3  approaches:  a)  PGE^  was  found  to  be  angiogenic.  Cells 
are  being  implanted  in  a  corneal  pocket  and  induced  to  produce  PGE^.   New 
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formation  of  capillaries  is  being  followed  before  and  after  PGE^  production 
is  blocked  by  indoraethacin.   b)  Fractionation  of  culture  fluid  has  shown  that 
Cu"^"  may  be  involved  in  angiogenesis.   Accumulation  of  Cu"*-1"  in  the  cornea 
where  vessels  will  grow  is  being  demonstrated.   c)  A  method  has  been  developed 
to  sample  the  interstitial  fluid  of  the  tumor  _in  vivo.   Fractionation  of  this 
interstitial  fluid  is  ongoing  and  has  the  objectives  of  detecting  fractions 
affecting  angiogenesis  or  cell  proliferation  of  differentiation. 

Finally,  the  functional  efficiency  of  the  tumor  vascular  network  is  being 
tested.  Three  thermistors  are  incorporated  within  a  tumor  nourished  by  a 
single  artery;  a  pulse  of  cold  plasma  is  injected  into  the  tumor  artery  and 
the  extent  of  temperature  change  over  tissue  is  measured  by  the  thermistors. 
A  mathematical  model  is  being  developed  to  assess  the  relative  proportion  of 
the  total  blood  flow  passing  through  each  tumor  compartment  utilizing  tempera- 
ture changes  recorded  by  the  thermistor. 

(le. )  Initiation  and  progression  of  mammary  tumor  growth 
(S.  Shafie,  and  D.  Salomon): 

Two  experimental  approaches  were  followed.   MCF-7  human  mammary  carcinoma 
cells  were  implanted  in  athymic  nude  mice  and  100%  takes  were  obtained.   A 
pellet  of  173-estradiol  placed  subcutaneously  increased  several-fold  the 
growth  rate  of  MCF-7.   Estrogen  was  necessary  to  initiate  growth  but  after 
the  tumor  was  established  growth  occurred  independently  from  the  addition  of 
estrogen.   MCF-7  cells  required  estrogen  to  grow  _in  vivo  but  not  jln  vitro. 
The  cells  metastasized  in  vivo  to  lungs,  liver  and  spleen,  and  estrogen  treat- 
ment increased  the  number  of  metastases.   Metastases  were  prevented  by  castra- 
tion and  diabetes.   MCF-7  cells  secreted  proteases  able  to  lyse  both  types  I 
and  IV  collagen. 

With  a  second  experimental  approach  the  effects  of  phorbol  esters  on  cell 
growth  and  differentiation  were  studied.   The  cells  utilized  were  mammary 
epithelium,  neutrophils,  and  cells  from  a  mouse  teratocarcinoma.   It  was  found 
that  TPA  inhibited  the  chemotactic  movement  of  neutrophils  and  glucocorticoids 
eliminated  this  inhibition.   The  TPA  effect  was  related  to  the  enhancement 
of  a  membrane-associated  phospholipase  A2  activity,  and  the  effect  of  gluco- 
corticoids was  attributed  to  the  production  of  a  phospholipase  A2  inhibitor. 
This  inhibitor  was  found  to  be  present  in  the  culture  media  of  cells  treated 
with  glucocorticoids.   Isolation  and  characterization  of  the  inhibition  is 
underway  for  the  purpose  of  evaluating  its  effect  on  binding  of  growth  factors 
to  cells. 

Teratocarcinoma  cells  were  found  to  differentiate  toward  several  types 
of  tissue  depending  on  culture  conditions.   These  cells  as  well  as  mammary 
epithelium  have  been  adapted  to  grow  in  serum-free  medium  and  the  effect 
of  growth  factors,  such  as  EGF,  FGF,  MSA  and  insulin,  on  their  growth  and 
differentiation  is  being  investigated  as  well  as  the  consequences  of  TPA 
treatment. 

The  mechanism  of  TPA  action  is  being  studied  utilizing  human  normal 
lymphocytes  and  Friend  erythroleukemia  cells.   Specific  TPA  binding  sites  have 
been  detected  using  a  whole  cell  binding  assay,  and  partial  purification  of 
the  receptor  is  underway.   Three  groups  of  experiments  are  presently  being 
carried  on  with  the  objective  of  evaluating:  (a)  The  influence  of  phorbol 
esters  on  production  of  T  cell  growth  factor  by  cultured  lymphocytes, 
(b)  the  ability  of  phorbol  esters  to  inhibit  production  of  hemaglobin  by 
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Friend  erythroleukemia  cells,  and  (c)  the  promoting  effect  of  TPA  instilled 
directly  into  the  excretory  ducts  of  the  mammary  gland  in  vivo. 

(If.)  Mechanisms  of  prolactin  and  T3  action 

(R.  A.  Knazek,  J.  R.  Dave,  B.  Vonderhaar,  A.  Bhattacharya,  D.  Liscia): 

Two  years  ago,  the  absence  of  prolactin  receptors  was  demonstrated  in 
crude  preparations  of  liver  membranes  from  Snell  dwarf  mice,  and  induction  of 
prolactin  receptors  was  obtained  by  continuous  administration  of  prolactin 
even  if  protein  synthesis  had  been  blocked.   In  the  past  year,  it  was  found 
that  an  increase  in  the  prolactin  binding  sites  could  be  obtained  by  incuba- 
ting hepatocytes  with  with  phospholipase  A2  or  lysolecithin.   This  suggested 
that  prolactin  receptors  were  either  exposed  or  altered  so  as  to  make  more 
binding  sites  available.   A  decrease  of  prolactin  binding  sites  was  obtained 
in  vivo  when  a  diet  deficient  in  essential  fatty  acids  was  given  to  C3H  mice 
or  prostaglandin  synthesis  was  blocked  by  indomethacin.   Treatment  with  exo- 
genous prolactin  did  not  restore  the  prolactin  receptor.   Viscosity  studies 
on  the  hepatocyte  membranes  revealed  that  prolactin  binding  was  decreased 
when  the  membranes  became  more  viscous  and  in   vitro,  PGI2  was  particularly 
efficient  in  reducing  membrane  viscosity.   As  an  approach  to  see  whether 
prolactin  action  was  exerted  via  modification  of  prostaglandin  synthesis 
granulosa  cells  of  the  ovary  were  used  as  prolactin  target.   It  was  observed 
that  in  the  normal  hyperprolactinemic  state,  ovarian  steroid  genesis  was 
modified  by  either  accentuating  or  suppressing  the  FSH-related  stimulation 
of  PGE  and  PGF2  synthesis. 

Modification  of  the  lactogenic  receptor  levels  in  the  mammary  gland 
and  liver  was  obtained  in  euthryoid  C3H  mice  treated  with  estradiol  or 
Nafoxidine  at  3  mo.  of  age.   Serum  prolactin  levels  increased  about  4-fold 
but  no  significant  difference  was  observed  in  the  apparent  affinity  constant 
or  the  number  of  sites.  When  cryptic  binding  sites,  however,  were  examined 
the  treated  mice  revealed  in  both  liver  and  mammary  gland  a  several-fold 
increase  in  prolactin  binding  sites.   Partial  purification  of  lactogenic 
receptor  is  under  way  and  preparation  of  monoclonal  antibodies  is  planned. 
In  postlactational  C3H  mice  the  induction  of  a  hypothyroid  conditon  reduced 
the  amount  of  MuMTV-RNA  extractable  from  the  mammary  gland  and  the  number  of 
HAN  but  by  prevention  of  cell  transformation. 

(lg. )  Regulation  of  milk  protein  synthesis  in  normal  and  neoplastic  mammary 
tissue  (P.  Qasba  and  coworkers): 

As  a  continuation  of  work  initiated  previously,  paLA70  clone  carryng  a 
350  base  pairs  long  a-LA-DNA  sequence  was  characterized.   T4  DNA  of  the  plas- 
mid  p  a-LA  70  (a)  hybridized  to  the  cDNA  synthetized  from  a  highly  purified 
a-Lactalbumin  mRNA  fraction;  (b)  arrested  the  translation  of  a-LA  mRNA  after 
hybridization  to  total  poly  A+  RNA  of  lactating  gland;  and  (c)  looped  with 
purified  a-LA  mRNA  as  judged  from  electron  micrographs.   cDNA  clones  corres- 
ponding to  29K  and  42K  caseins  have  been  isolated  and  are  being  characterized. 

Restriction  enzymes  MSpI  and  Hpa  II  were  used  to  study  the  methylation 
of  a-LA  gene  sequences.   It  was  found  that  the  extent  of  gene  methylation 
decreases  in  the  order:  virgin  >gestation  >lactating  gland.   Mammary  tumors 
able  to  produce  a-LA  had  the  a-LA  gene  less  methylated  than  tumors  not  produc- 
ing a-LA.   By  hybridization  procedures  it  was  also  shown  that  a-LA  DNA 
sequences  are  amplified  in  MTW9  rat  mammary  carcinoma. 
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As  a  continuation  of  previous  work,  the  translational  products  of  poly  A+ 
RNA  isolated  from  resting,  pregnant  and  lactating  glands  are  being  examined. 
Various  classes  of  RNA  can  be  distinguished  according  to  the  functional  status 
of  the  gland  and  are  being  characterized.   The  RNA  of  rat  mammary  tumors 
resembles  that  of  the  gland  in  early  pregnancy 

2.   Biochemical  changes  related  to  onset  and  cessation  of  lymphocyte  prolifer- 
ation  (H.  L.  Cooper  and  coworkers;  S.L.  Berger  and  coworkers) 

Human  lymphocytes  were  used  to  study  the  events  controlling  protein  syn- 
thesis during  growth  stimulation  and  cesation  of  growth.   In  particular,  the 
role  of  methionyl-tRNA  in  the  formation  of  initiation  complexes  and  hence  of 
protein  synthesis  was  studied  during  lymphocyte  activation  by  PHA.   As  a  first 
approach,  raethionyl  tRNA  content  was  measured  utilizing  the  property  of  E_.  coli 
aminoacyl  synthetase  to  acylate  only  tRNAmet.   It  was  found  that  at  all  rates 
of  protein  synthesis  the  proportion  of  methionyl  tRNA  to  total  tRNA  remained 
almost  constant.   As  a  second  approach,  the  degree  of  methionylated  versus 
uncharged  tRNAraet  as  determined  with  two  separate  techniques.   In  resting  and 
growing  lymphocytes  85-90%  of  all  tRNAmet  was  charged,  making  it  unlikely  that 
the  degree  of  methionylation  regulated  protein  synthesis. 

Finally,  the  distribution  of  tRNAmet  among  various  cell  compartments 
was  analyzed  during  protein  synthesis.   Over  85%  of  total  tRNAmet  was  free  in 
the  post-ribosomal  supernatant  at  any  time,  and  the  proportions  in  the  super- 
natant, 40S  ribosomal  subunits  and  80S  microsomes  remained  similar  regardless 
of  the  protein  synthesis  rate.   The  effects  of  metabolic  inhibitors  on  these 
ratios  are  being  investigated. 

The  study  on  growth  related  changes  in  the  synthesis  of  specific 
proteins  has  been  continued  using  normal  and  malignant  lymphocytes.   Attention 
has  been  centered  on  a  computerized  analysis  of  the  polypeptides  analyzed  on 
2-dimensional  gels  with  the  final  objective  of  finding  consistent  differences 
produced  by  the  malignant  state. 

A  new  project  was  initiated  to  study  the  interaction  of  T  cell  growth 
factor  and  human  lymphocytes  (S.  L.  Berger). 

The  studies  on  the  effect  of  interferons  on  lymphocytes  followed  two 
directions.   In  one  set  of  experiments,  the  effect  of  human  interferons  on 
protein  synthesis  by  normal  and  mitogen-stimulated  lymphocytes  was  analyzed. 
It  was  found  that  in  the  resting  lymphocytes  interferon  does  not  affect 
total  protein  synthesis  but  modifies  the  relative  proportion  of  3-4  specific 
proteins.   In  PHA-stimulated  lymphocytes,  protein  synthesis  is  reduced  15-25% 
but  without  apparent  modification  of  the  relative  proportion  of  each  component. 
The  second  directon  of  the  interferon  work  aimed  at  characterizing  interferon 
mRNA  synthesis  in  NAMALVA  cells  injected  with  Newcastle  disease  virus.   It 
was  found  that  the  Interferon  mRNA  increased  50  to  100-fold  within  8  hr  from 
injection  and  started  to  decrease  by  17  hr.   At  this  time  the  entire  cellular 
complement  of  mRNA  was  found  free  in  the  cytoplasm  but  earlier  almost  52% 
was  polysome-associated.   The  interferon  mRNA  was  fully  translatable  in 
oocytes  of  Xenopus  laevis.   Approximately  80%  of  the  total  interferon  yield 
was  found  in  the  medium  bathing  the  oocytes  24  hr  after  human  mRNA  was 
introduced.   From  the  results  of  these  experiments  the  conclusion  was  reached 
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that  in  NAMALVA  cells  interferon  synthesis  is  a  function  of  mRNA  translat- 
ability  not  mRNA  stability. 

Staphylococcal  entorotoxin  A  has  been  found  to  be  a  better  lymphocyte 
mitogen  than  PHA.   The  interferon  produced  by  normal  lymphocytes  is  immune 
type  (T)  interferon  which  appears  to  have  a  most  potent  inhibitory  effect 
on  cell  growth.  T-interferon  mRNA  was  isolated  and  translated  in  frog  oocytes. 
The  translation  product  was  tested  against  leukocytes  and  fibroblast  inter- 
feron antibodies  and  shown  to  be  immune-type  interferon.   Presently  T  inter- 
ferons are  being  tested  for  their  capacity  to  inhibit  growth  of  neoplastic 
cells. 

3.  Structure  and  function  of  biological  membranes 
(P.  Pinto  da  Silva  and  coworkers) 

Particle  distribution  on  the  membrane  envelope  of  the  milk  fat  globule  has 
been  analyzed  by  f reeze-f racture,  and  tearing,  folding  and  sealing  of  membrane 
fragments  were  analyzed  during  the  isolation  procedures.   It  was  concluded 
that  the  membrane  envelope  of  the  fat  glands  does  not  represent  the  stuctural 
equivalent  of  the  apical  portion  of  the  plasma  membrane  of  acinar  cells.   In 
acinar  epithelium  the  basal  portion  of  the  plasma  membrane  shows  surface  rich 
in  infoldings  and  pinocytotic  images  that  are  morophological  equivalents  of 
the  transport  processes.   Also  myoepithelial  cells  show  parallel  morphological 
changes  that  are  being  studied. 

The  differences  between  the  apocrine  and  merocrine  types  of  secretory 
activity  were  analyzed  in  the  epithelium  of  the  rat  ventral  prostate.   In  the 
merocrine  secretion  the  secretory  particles  attached  to  the  microfilaments  of 
the  apical  web  and  the  membrane  particles  are  cleared  at  the  site  of  inter- 
action with  the  apical  plasmalemma.   The  apocrine  secretion  is  characterized 
by  the  formation  of  large  blebs  containing  diluted  cisternae  of  the  endo- 
plasmic reticulum.  Apical  particles  are  only  partially  cleared  from  the  bleb 
that  is  eliminated  by  constriction  of  a  neck.   Swelling  and  webbing  of  micro- 
villi is  not  a  secretory  process  but  a  preparation  artifact. 

A  variety  of  experimental  conditions  have  been  applied  to  erythrocytes, 
platelets  and  P_.  palmivora  zoospores  to  understand  the  structural  characteris- 
tics of  these  plasma  membranes.   In  platelets  it  was  observed  that  aggregation 
of  particles  could  be  induced  on  the  B  face  of  the  f reeze-fracture  sample  but 
not  on  the  A  face.   Change  of  pH  alone  cannot  explain  this  phenomenon.   In 
P_.  Palmivora  zoospores,  fixation  with  calcium  containing  glutaraldehyde 
produced  osmiophylic  electron  dense  deposits  usually  associated  with  areas 
of  fusion  between  peripheral  vesicles  and  plasma  membrane. 

The  possibility  that  these  areas  are  related  to  secretory  events  is 
being  investigated. 

Sendai  virus  has  been  used  to  study  fusion  of  erythrocytes.   Upon  bind- 
ing of  the  virus  to  glycophorin,  plasmadesmata  are  formed  in  several  spots 
on  the  cell  surface  followed  by  a  polymorphic  network  of  membrane  tubules 
resulting  from  expansion  of  the  plasmadesmata.   Membrane  fusion  occurs 
along  this  network,  probably  without  direct  participation  of  the  virus. 

4.  Effects  of  ionizing  radiations  on  DNA,  proteins  and  bone  marrow 
(P.  Riesz  and  co-workers) 

Electron  spin  resonance  studies  have  been  conducted  on  free  radicals  in 
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a-irradiated  single  crystals  of  glutarlc  acid,  in  aqueous  solutions  of  amino 
acids  and  alcohols,  in  Y-irradiated  polycrystalline  amino  acids,  N-acetyl- 
amino  acids  and  dipeptides.   The  final  objective  is  to  improve  the  efficiency 
of  cell  killing  by  radiations. 

UV  photolysis  af  oliphatic  dipeptides  was  studied  in  aqueous  solutions, 
the  free  radicals  were  trapped  by  tert.  nitrosbutane  and  identified  by  e.s.r. 
spectroscopy.   In  dipeptides  scission  was  observed  between  the  two  amino  acids 
residues,  but  in  polyglycyl-L-alanine-L-proline  (a  model  compound  for  collagen 
scission  between  the  a-carbon  and  the  carbonyl  group  of  the  peptide  bond  was 
observed. 

UV  photolysis  of  aqueous  solutions  of  aromatic  dipeptides  was  carried 
on  and  extended  to  larger  polypeptides,  in  particular  the  oxidized  A-chain 
of  insulin  and  the  S-peptldes  of  ribonuclease.   A  spectrum  characteristic  for 
radical  formed  by  scission  of  the  C-N  bond  of  the  tyrosine  residue  was 
obtained  for  insulin.   For  the  S-peptide  of  ribonuclease  A  a  radical  was 
obtained  with  the  e.s.r.  spectrum  of  a  decarboxylation  radical  resulting 
from  the  scission  of  the  main  polypeptide  chain. 

Two  more  projects  presently  being  carried  on  have  direct  bearing  on 
clinical  events.   One  aims  at  clarifying  the  conditions  that  increase  sensiti- 
vity to  ionizing  radiations  in  DNA  when  thymidine  was  substituted  by  5-holo- 
deoxyuridines;  the  second  concerns  the  mechanism  of  bone  marrow  toxicity  due 
to  chloramphencol. 

The  work  aimed  at  preventing  lethal  graft-versus  host  reactions  in 
bone  marrow  explants  was  continued  (D.  Uphoff).   More  data  were  collected 
to  sustain  the  hypothesis  that  differences  in  quality  of  X-irradiation 
from  different  machines  may  influence  the  actual  damage  to  bone  marrow. 
Dose  response  studied  were  conducted  to  establish  the  mortality  curves  by 
irradiation  from  the  newly  installed  Cs-137  source.   A  comparison  between 
two-directional  exposure  and  ventral  exposure  on  the  mortality  curve  is 
being  completed. 

5.   Pathophysiology  of  cachexia  in  tumor-bearing  host 
(S.  D.  Morrison  and  co-workers) 

Some  of  the  individual  components  of  normal  feeding  control  that  are  im- 
paired or  unimpaired  by  tumor  growth  have  been  identified  and  quantitatively 
assessed.   The  effects  of  4  transplanted  tumors  as  well  as  lowered  environmen- 
tal temperature  on  the  feeding  controls  are  being  studied.   In  two  separate 
projects  it  was  found  that  (a)  depression  of  food  intake  due  to  amino  acid 
deficiencies  is  attenuated  by  the  presence  of  a  tumor,  and  (b)  total  paren- 
teral nutrition  In  tumor  bearing  animals  may  be  unfavorable. 


With  the  retirement  of  Dr.  Schneider  the  program  of  the  Nucleic  Acids 
Section  will  terminate.   An  extensive  summary  of  the  results  obtained  in 
studies  on  the  biological  significance  of  deoxyribose-containing  compounds  in 
normal  and  neoplastic  tissues  is  reported  by  Dr.  Schneider  in  the  specific 
report.   Dr.  Liacouras'  effort  to  evaluate  the  biological  significance  of  DNA 
in  melanin  granules  remains  incomplete.   Dr.  Otani's  work  is  continuing  along 
the  same  pattern  of  searching  for  amino  acid  analogs  by  organic  chemical 
methods  in  the  hope  of  finding  cytotoxic  derivatives. 
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Project  Description: 

Objectives :   To  prepare  chemical  compounds  which  preferentially  destroy 
cancer  cells  by  mechanism  other  than  those  of  agents  presently  being  used 
in  cancer  chemotherapy. 

The  project,  initially  concerned  with  developing  simple  methods  of  the 
chemical  preparation  of  3-hydroxyamino  acids  and  with  the  study  of  the  bio- 
chemical properties  of  these  compounds,  has  been  directed  in  recent  years  to 
the  search  of  chemotherapeutic  agents  active  against  cancer.   The  interest 
has  been  centered  primarily  on  amino  acids,  amino  acid  analogs,  and  their 
derivatives  thus  far,  but  will  be  extended  to  other  classes  of  compounds. 

The  immediate  objectives  of  the  project  have  been:   (a)  to  prepare 
various  N-acyl  and  N-aroyl  derivatives  of  amino  acids  and  amino  acid 
analogs  in  various  combinations  of  the  N-acyl  group  and  the  amino  acid 
moiety,  and  (b)  to  study  the  relationship  between  inhibitory  activity 
and  the  structure  of  these  compounds,  as  the  combinations  of  the  acyl 
groups  and  the  amino  acid  analog  moieties  are  varied,  and  (c)  to  test 
these  compounds  for  anti-tumor  activity,  first  in  a  microbial  anti-tumor 
pre-screen  system  and,  if  found  to  be  active,  in  a  mammalian  tumor  system. 

Methods  Employed:   In  most  cases,  acylation,  including  aroylation, 
was  accomplished  by  the  Schotten-Baumann  procedure,  which  involves 
addition  of  the  acylating  agent  in  a  2-phase  system  sufficiently  basic  to 
expose  the  amino  group.   In  some  cases,  this  was  modified  by  dissolving 
the  appropriate  acylating  agent  in  an  organic  solvent.   The  contaminating 
bi-product,  the  substituted  benzoic  acid,  was  generally  removed  from  the 
reaction  mixture  by  fractional  crystallization  from  carbon  tetrachloride, 
and  the  product  was  further  purified  by  crystalization  from  ethanol,  or 
by  precipitation  from  ethanol-water.   In  some  cases,  crystalization  was 
accomplished  by  repeated  cycles  of  treatment  with  ethanol,  acetone,  and 
petroleum  ether. 

Microbiological  assay  was  carried  out  in  a  ribof lavin-supplemented 
riboflavin  assay  medium,  and  the  extent  of  inhibition  was  determined 
turbidimetrically.  The  test  organism  was  Lactobacillus  casei  7469. 

Major  Findings:   1.   Earlier  we  have  found  that  among  the  many  acyl 
amino  acids  and  acyl  amino  acid  analogs  we  have  studied,  the  N-benzoyl 
derivatives  were  the  most  potent  inhibitor  in  the  microbial  assay  system 
selected.   In  view  of  these  results,  other  benzoyl  derivatives  of  these 
amino  acids  and  amino  acid  analogs  were  prepared.   In  these  compounds, 
various  substituents  were  added  to  various  positions  in  the  phenyl  ring 
of  the  aroyl  moiety,  and  the  amino  acid  analog  moieties  were  altered  as 
well.   The  acyl  and  amino  acid  analog  moieties  employed  are  listed  below: 
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Amino  Acid  and 

N-Acyl  Moieties  Amino  Acid  Analog  Moieties 

Benzoyl-  ^-Phenylalanine 

o-Chlorobenzoyl-  ^-Phenylalanine 

m-"  DL-Phenylalanine 

p-"  o-Fluoro-DL-pheny lalanine 

o-Fluorobenz  oyl-  m-Fluoro-DL-pheny lalanine 

m-"  p-Fluoro-DL-pheny lalanine 

p-"  3 -2-Thienyl-DL-alanine 

o-Methoxy benzoyl-  B-3-Thienyl-DL -alanine 

m-"  O-Methyl-L-tyrosine 

p-"      .        (anisoyl)  p-Nitro-DL-phenylalanine 

o-Nitrobenzoyl-  p-Nitro-L-pheny lalanine 

m-" 

P"" 


p-Nitro-D-pheny lalanine 
o-Chloro-DL-pheny lalanine 
p-Chloro-D-pheny lalanine 


Hence,  some  182  acyl  amino  acids/amino  acid  analogs  are  possible  from 
these  combinations.   Of  these  approximately  165  have  been  prepared,  about 
140  of  them  in  pure  state.   The  remainder  of  the  compounds,  which  are  in 
crude  form,  are  being  purified  further. 

2.  The  purity  of  these  compounds  were  ascertained  by  (a)  elemental 
analysis,  (b)  melting  point  determination,  (c)  Van  Slye  nitrous  acid 
gasometric  determination  of  primary  amino  nitrogen,  and  (d)  optical 
rotation  measurement,  where  applicable. 

3.  Thus  far,  27  of  the  N-aroyl-phenylalanine  derivatives  have  been 
tested  for  growth-inhibiting  activity.   These  are  the  various  ring-substitu- 
ted aroyl  o-f luoro-DL-phenylalanines ,  m-f luoro-DL-phenylalanines,  and 

p-f luoro-DL-phenylalanines. 

4.  Of  the  27  compounds  tested,  all  exhibited  some  inhibitory  activity, 
the  activity  ranging  from  a  modest  25  per  cent  inhibition  by  o-nitrobenzoyl- 
m-fluoro-DL-pheny lalanine  to  a  potent  98  percent  for  o-fluorobenzoyl- 

m-f luoro-DL-pheny lalanine ,  at  1  mg/ml. 

5.  Twenty  one  of  these  compounds  exhibited  activity  greater  than  50% 
inhibition  at  1  mg/ml,  meeting  the  criterion  of  positivity  of  the  protocol 
of  the  prescreen  system. 

6.  Of  the  remaining  6  compounds,  four  showed  activity  greater  than 
most  inhibitory  chloroacetyl  compounds  studied  (37-46%),  and  only  2  had 
activity  in  the  range  observed  for  most  chloroacetyl  compounds  (25%). 

7.  While  the  inhibitory  activity  of  the  chloroacetyl  derivatives  were 
being  studied,  a  commercial  preparation  of  chloracetyl-L-tyrosine  showed 
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marked  inhibition  of  the  microbial  system.   To  determine  whether  or  not 
similar  or  greater  inhibition  could  be  obtained  with  other  p-substituted 
phenylalanines,  the  N-chloracetyl  derivatives  of  some  representative 
p-substituted  phenylalanines  containing  either  electrophilic  or  electrophobic 
functional  groups  were  prepared.   These  were:   N-chloroacetyl-p-chloro-DL- 
phenylalanine ,  N-chloroacetyl-p-nitro-DL-phenylalanine ,  Na ,NP-di-(chloro- 
acetyl)-p-amino-DL-phenylalanine  and  N-chloroacetyl-O-methyl-L-tyrosine. 

8.  When  these  compounds  were  tested  in  the  L.  easel  system,  it  was 
noted  that  the  extent  of  inhibition  was  similar  to  that  observed  for  most  of 
the  other  inhibitory  N-chloroacetyl  amino  acids  reported  previously,  i.e., 
about  22%. 

9.  However,  N-chloracetyl-p-chloro-DL-phenylalanine  showed  considerably 
greater  activity,  inhibiting  the  growth  of  the  test  organism  approximately 

to  the  same  degree  as  N-chloracetyl-S-hydroxy-D-norleucine  B,  the  most 
active  N-chloroacetyl  derivative  thus  far  studied. 

10.  Following  this  observation,  the  N-chloroacetyl  derivatives  of  other 
p-halo-phenylalanines  were  prepared  and  tested  for  inhibitory  activity.   The 
compounds  prepared  were:   N-chloroacetyl-p-bromo-DL-phenylalanine  and 
N-chloroacetyl-p-iodo-DL-phenylalanine. 

11.  It  was  found  that  the  inhibitory  capacities  of  the  N-chloroacetyl- 
p-bromo-DL-phenylalanine  and  N-chloroacetyl-p-iodo-DL-phenylalanine  were 
even  greater  than  that  of  N-chloroacetyl-p-chloro-DL-phenylalanine,  chloro- 
acetyl-p-iodo-DL-phenylalanine  showing  complete  inhibition  at  1  mg/ml. 

12.  A  detailed  comparative  study  of  the  4  chloroacetyl-p-halo-phenyl- 
alanines  on  hand  showed  that  the  activity  increased  with  increased  size  of 
the  p-substituted  halogen  atom,  i.e.,  the  activity  increased  in  order  from 
N-chloroacetyl-DL-p-f luorophenylalanine,  N-chloroacetyl-p-chloro-DL- 
phenylalanine,  N-chloroacetyl-p-bromo-DL-phenylalanine  to  N-chloroacetyl- 
p-iodo-DL-phenylalanine. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
That  amino  acid  metabolism  may  be  a  susceptible  area  of  action  in  cancer 
therapy  was  demonstrated  by  the  efficacy  of  asparaginase  in  certain  tumors 
which  required  asparagine.   Amino  acid  deprivation,  either  by  the  removal 
of  the  amino  acid  or  by  the  substitution  with  an  analog  may  be  effective  in 
inhibiting  tumor  growth. 

The  enhancement  of  activity  of  amino  acid,  and  amino  acid  analogs  upon 
acylation  appears  to  be  of  importance  in  the  cancer  program  in  view  of  the 
fact  that  one  serious  drawback  in  cancer  chemotherapy  has  been  that  of  the 
inaccessibility  of  the  cytotoxic  agent  to  the  cell.   It  is  possible  that 
alteration  of  the  molecular  charge  by  acylation,  and  the  introduction  of  a 
cytotoxic  group,  in  the  form  of  certain  chloroacyl  radicals,  has  provided  a 
molecule  that  is  more  permeable  to  the  cell  and  at  the  same  time,  once 
within  the  cell,  is  capable  of  releasing  the  cytotoxic  agents  by  the  action 
of  intracellular  acylases.   Objective  6,  Approach  2. 
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Proposed  Course  of  Research: 

1.  The  preparation  and  purification  of  ring-substituted  benzoyl  derivatives 
of  various  amino  acids  and  amino  acid  analogs  will  be  continued. 

2.  These  compounds  will  be  tested  for  growth-inhibitor  activity  in  the 
microbial  anti-tumor  pre-screen. 

3.  The  optically  pure  substituted  benzoyl  derivatives  will  be  tested  in  the 
microbial  anti-tumor  pre-screen  to  note  further  the  role  of  optical  specifi- 
city in  these  inhibition  studies. 

4.  The  N-fatty  acid  acylated  amino  acid  and  amino  acid  analogs  which  were 
obtained  in  less  than  pure  state  will  be  purified  and  the  pure  N-fatty  acid 
acylated  amino  acid  will  be  tested  for  growth-inhibitory  activity. 

5.  Work,  on  the  cholesterol  compounds  and  the  various  choleic  acids  of 
amino  acids  and  amino  acid  analogs  will  be  continued.   This  will  involve 
further  purification  of  some  of  the  compounds  prepared  thus  far.   When 
purified,  these,  too,  will  be  tested  for  growth-inhibitory  activity  in 
the  microbial  system. 

6.  The  chloroacetyl,  benzoyl,  and  ring-substituted  derivatives  of  amino 
acids  and  amino  analogs  known  to  possess  anti-tumor  activity,  and  of  other 
known  anti-tumor  agents,  will  be  prepared  and  tested  for  anti-tumor  activity. 

7.  In  an  earlier  study,  a  very  potent  microbial  growth-inhibitory  principle 
in  a  commercial  preparation  of  N-chloroacetyl-L-tyrosine  was  observed. 
Further  attempts  will  be  made  to  identify  this  principle. 

8.  An  attempt  will  be  made  to  up-date  an  microbial  anti-tumor  screening 
system,  to  include  anti-tumor  agents  presently  used  in  cancer  chemotherapy. 


Publications: 

1.  Otani,  T.T.  and  Briley,  M.R. :   N-Benzoyl  derivatives  of  amino  acids  and 
amino  acid  analogs  as  growth  inhibitors  in  microbial  antitumor  screen. 
J.  Pharm.  Sci.  68:   1366-1369,  1979. 

2.  Otani,  T.T.  and  Briley,  M.R. :   The  effect  of  chloroacetyl  derivatives  of 
p-substituted  phenylalanines  in  microbial  antitumor  prescreen.   J.  Pharm. 
Sci.  In  press. 
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Project  Description: 

Objectives:   Since  the  replication  of  DNA  is  an  obligatory  prerequisite 
for  cell  division,  the  study  of  DNA  synthesis  and  its  control  occupies  a 
position  of  unique  importance  in  cancer  research  due  to  the  continuous  and 
and  uncontrolled  division  occurring  in  cancer  tissues.   The  objectives  of 
this  project  are  to  isolate  and  identify  deoxyribose-containing  compounds 
other  than  DNA  from  normal,  precancerous,  and  tumor  tissues,  to  determine 
the  metabolic  sequences  in  which  these  compunds  are  involved  and  whether 
these  sequences  are  the  same  in  normal,  precancerous,  and  cancer  tissues; 
to  isolate  DNA  from  subcellular  structures  other  than  nuclei,  and  to  study 
the  physical  and  biochemical  properties  of  extranuclear  DNA  and  to  determine 
the  relationship  between  nuclear  and  extranuclear  DNA  in  carcinogenesis. 

These  studies  are  aimed  at  uncovering  differences  between  normal  and 
malignant  cells  that  can  be  exploited  to  prevent  the  formation  of  cancer 
cells  or  to  promote  the  destruction  of  cancer  cells  already  generated. 
(These  studies  support  most  closely  Objective  #3:   To  prevent  conversion  of 
cells  to  those  capable  of  forming  cancer  and  Approach  1:   Nature  and 
modification  of  the  precancerous  state,  of  the  National  Cancer  Plan). 

Methods:   Rat  liver  cells  were  disrupted  in  suitable  media  using  either 
commercial  Potter-Elvehjem  homogenizers  with  Teflon  pestles  or  the  Tekmar 
Tissumizer  homogenizer.   The  homogenates  were  centrifuged  at  low  speed  to 
remove  nuclei  and  unbroken  cells  and  the  sediments  were  rehomogenized  with 
additional  medium  and  recentrifuged.   Mitochondria  and  microsomes  were  isola- 
ted from  the  combined  supernatants  by  high  speed  differential  centrif ugation. 

Yields  of  mitochondria  and  microsomes  were  calculated  from  the  recover- 
ies of  the  marker  enzymes,  succinic  dehydrogenase  for  mitochondria  and 
glucose-6-phosphatase  for  microsomes.   Nucleic  acids  were  precipitated  with 
the  detergent  CTAB  (cetyl  t rime thy lammoniura  bromide)  and  were  extracted 
from  the  precipitates  with  1.5  N  perchloric  acid  at  70°.   DNA  was  measured 
using  the  fluorimetric  reaction  with  diaminobenzoic  acid  (DABA). 

Major  Findings:   Three  lines  of  investigation  were  carried  out  during 
the  last  months  of  this  project.   The  first  dealt  with  the  integrity  of  DNA 
isolated  from  rat  liver  after  CTAB  (cetyl  trimethylammonium  bromide)  pre- 
cipitation.  This  question  was  answered  by  adding  PM  2  DNA  to  rat  liver 
cytoplasm,  isolating  the  DNA  either  by  phenol  extraction  or  CTAB  precipita- 
tion, and  measuring  the  fraction  of  DNA-I  (covalently  closed  circular  duplex 
DNA)  in  the  purified  products  with  ethidium  bromide.   It  was  found  that  58 
percent  of  the  DNA  isolated  with  phenol  and  53  percent  of  the  DNA  isolated 
with  CTAB  was  in  the  DNA-1  form.   This  indicated  that  the  degradation  that 
occurred  in  the  CTAB  method  was  about  the  same  as  that  in  the  phenol  extrac- 
tion.  Since  the  DNA  samples  had  to  be  purified  extensively  before  the 
fluorescence  measurements  could  be  made,  it  is  not  clear  at  what  state  of 
the  procedures  degradation  of  the  added  DNA  occurred.   Gel  electrophoretic 
methods  are  available  that  could  possibly  be  used  to  study  this  question 
further,  but  their  application  has  not  been  attempted.   The  paper  on  the 
CTAB  precipitation  method  is  now  in  press  in  Analytical  Biochemistry. 
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In  a  second  group  of  experiments  designed  to  establish  a  function  for 
rat  liver  microsomal  DNA,  cDNA  prepared  by  Dr.  Chakrabartty  to  albumin  mRNA 
or  to  less  purified  mRNA  samples  were  hybridized  with  either  nuclear  or 
microsomal  DNA.   Despite  the  fact  that  microsomal  DNA  reassociates  at  a  much 
faster  rate  than  does  nuclear  DNA,  no  significant  preferential  association 
of  the  cDNA  samples  with  microsomal  DNA  has  been  observed  in  a  number  of 
experiments.   This  means  that  the  albumin  mRNA  and  closely  associated  mRNAs 
are  probably  not  transcribed  from  microsomal  DNA.   Since  albumin  mRNA  is 
the  most  abundant  message  found  in  rat  liver,  a  mRNA  corresponding  to 
microsomal  DNA  will  probably  be  present  in  much  lower  concentrations  and 
make  its  detection  much  more  difficult. 

Finally,  attempts  to  confirm  and  extend  our  earlier  experiments  with 
Dr.  Gantt  on  specific  restriction  nuclease  fragment  band  patterns  for 
microsomal  DNA  were  not  successful.   This  failure  was  due  to  inconsistent 
results  that  were  obtained  in  the  gel  electrophoresis  patterns  and  time 
did  not  permit  a  resolution  of  these  problems. 

Conclusions:  Since  this  project  will  terminate  with  my  retirement,  it 
seems  appropriate  to  review  the  progress  that  has  been  made  and  to  indicate 
the  directions  that  further  work  could  take. 

Our  initial  observation  that  deoxycytidine  was  a  ubiquitous  constituent 
of  rodent  tissues  and  blood  has  been  amply  confirmed.   The  reason  for  its 
presence  in  tissues  while  deoxyadenosine,  deoxyguanosine,  and  thymidine 
are  absent  or  occur  in  much  lower  concentrations,  can  be  rationalized  on 
the  basis  that  it  is  a  degradation  product  of  DNA  which  cannot  be  catabo- 
lized  to  the  same  extent  as  the  other  nucleotides.   This  view  is  supported 
by  the  fact  that  mouse  tissues  contain  only  a  tenth  as  much  deoxycytidine 
as  rat  tissues  while  the  latter  contain  reduced  levels  of  enzymes  that 
degrade  deoxycytidine.   In  addition,  deoxycytidine  is  excreted  in  the 
urine  in  large  quantities  and  increases  enormously  after  X-radiation.   On 
the  other  hand,  the  exact  origin  of  the  deoxycytidine  in  each  tissue  is 
not  clear — is  it  taken  up  from  the  blood  or  does  it  come  from  the  destruc- 
tion of  DNA  within  the  tissue?   In  rat  liver,  it  would  seem  that  both 
mechanisms  must  be  involved.   This  tissue  contains  10  ug  of  deoxycytidine 
per  g  compared  to  a  DNA  content  of  2500  ug.   However,  nuclear  DNA,  which 
accounts  for  about  98  percent  of  the  total,  is  very  stable  since  its  half 
life  is  more  than  100  days.   Even  if  a  turnover  of  0.5%  per  day  is  accepted 
this  would  imply  a  degradation  of  only  12.5  ug  DNA  or  less  than  3  ug 
deoxycytidine.   The  remainder  would  presumably  have  to  come  from  the  blood 
and  would  lead  one  to  ask  why  this  compound  should  be  transferred  from  the 
blood  to  the  liver  if  it  is  only  involved  in  the  degradation  of  DNA.   We 
have  of  course  neglected  to  also  consider  the  intracellular  pools  of  dCTP, 
dCDP  and  dCMP  as  a  source  of  deoxycytidine.   Although  the  nucleotide  pools 
are  probably  much  smaller  than  the  deoxycytidine  pool,  their  turnover  rates 
may  be  substantially  higher.   It  seems  apparent  that  the  occurence  of  deoxy- 
cytidine in  tissues  and  body  fluids  is  just  one  aspect  of  a  complex  dynamic 
system  that  remains  to  be  unraveled. 
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A  second  finding  of  great  interest  was  the  discovery  in  the  Novikoff 
hepatoma  of  two  new  nucleotides,  dCDP-choline  and  dCDP-ethanolamine  (the 
choline  and  ethanolamine  derivatives  of  deoxycytidine  diphosphate).   These 
compounds  were  shown  to  be  present  in  liver  tumors  and  regenerating  liver 
in  much  higher  concentrations  than  in  normal  liver.   Further  studies  showed 
that  they,  like  their  ribonucleotide  analogues  were  immediate  precursors  of 
the  phospholipids,  lecithin  and  phosphatidyl  ethanolamine,  and  were  equally 
effective  in  their  synthesis.   These  experiments  raised  the  question  why  the 
deoxyribonucleotides  were  present  in  tissues  at  all  and  why  their  concentra- 
tions in  rapidly  growing  tissues  were  especially  high.   Although  it  seemed 
possible  that  the  deoxynucleotides  might  be  specifically  used  for  the 
synthesis  of  nuclear  phospholipids  while  the  ribonucleotides  were  utilized 
for  the  formation  of  cytoplasmic  phospholipids,  no  evidence  could  be 
obtained  for  this  hypothesis.   Furthermore,  since  the  enzymatic  synthesis 
of  phospholipids  by  this  pathway  took  place  in  the  endoplasmic  reticulum 
of  the  cytoplasm,  such  a  function  for  the  deoxynucleotides  was  even  more 
difficult  to  visualize.   The  intriguing  question  as  to  the  specific  function 
of  dCDP-choline  and  ethanolamine  therefore  remains  a  mystery.   A  very 
interesting  peripheral  observation  made  during  the  course  of  the  above 
studies  was  with  regard  to  the  enzyme  that  catalyzed  the  synthesis  of 
dCDP-  or  CDP-choline.   This  enzyme  was  found  to  be  localized  mainly  in  the 
soluble  fraction  of  the  cytoplasm  where  the  bulk  of  its  activity  was  masked. 
Full  activity  could  be  obtained  by  preincubation  at  0  or  37°  or  by  the 
addition  of  lecithin  preparations.   This  enzyme  therefore  seemed  to  be 
regulated  by  feedback  inhibition.   Further  efforts  to  study  this  phenomena 
were  stymied  in  this  laboratory  by  the  instability  of  the  enzyme  encoun- 
tered by  Drs.  Fiscus  and  Himmelhoch  during  purification  by  chromatography 
or  gel  filtration.   Recent  studies  by  Choy  and  his  coworkers  in  Canada, 
however,  overcame  these  difficulties  and  these  workers  were  able  to  show 
that  the  enzyme  was  present  in  liver  in  two  forms — an  active  small  molecule 
and  an  aggregate,  fully  active,  formed  from  the  latter  by  the  addition  of 
lecithin.   The  mechanism  of  this  enzyme  can  now  be  studied  in  detail  and 
answer  questions  such  as  whether  lecithin  is  incorporated  into  the  active 
enzyme,  are  the  protein  components  of  the  active  enzyme  a  single  species, 
and  is  the  transition  from  inactive  to  active  enzyme  a  reversible  or 
cyclic  process.   It  should  be  noted  that  the  enzyme  that  synthesizes 
dCDP-ethanolamine  and  CDP-ethanolamine  is  also  a  soluble  enzyme  but  it 
shows  no  latent  behavior  or  requirement  for  phospholipid.   Why  is  this 
enzyme  so  different  when  its  function  is  so  similar  to  the  choline  enzyme? 

Finally,  our  studies  on  DNA  have  opened  up  a  whole  new  area  for  this 
molecule  which  is  known  to  transmit  hereditary  information  from  cell  to 
cell.   Only  a  few  years  ago  it  was  thought  that  all  of  the  DNA  and  hence 
the  genetic  information  was  confined  to  the  nucleus  of  normal  cells.   This 
concept  was  shattered  by  Luck  and  Reich  who  showed  that  mitochondria  also 
contained  DNA.   This  observation  was  soon  confirmed  by  many  workers 
including  ourselves  and  led  us  to  ask  whether  DNA  might  not  also  be 
localized  in  other  cytoplasmic  organelles.   Our  experiments  indicated  that 
this  was  indeed  the  case  for  we  were  able  to  isolate  DNA  from  the  endo- 
plasmic reticulum  or  microsomes,  from  melanin  granules  and  from  pancreatic 
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zymogen  granules  as  well.   While  these  studies  lead  to  the  view  that  DNA  is 
a  ubiquitous  constituent  of  subcellular  components,  this  conclusion  must  be 
tempered  somewhat.   In  the  first  place,  the  amount  of  DNA  localized  in  cyto- 
plasmic components  is  small.   Our  best  experiments  just  completed  on  rat  liver, 
show  that  the  cytoplasm  contains  only  about  2.5%  of  the  total  cellular  DNA  and 
of  this  90  percent  is  associated  with  microsomes  and  10  percent  with  mito- 
chondria.  Since  the  nucleus  represents  less  than  10  percent  of  the  mass  or 
volume  of  the  liver  cell,  its  DNA  is  enormously  more  concentrated  than  that 
in  the  cytoplasmic  elements.   This,  of  course,  is  the  major  reason  why  studies 
on  cytoplasmic  DNA  are  so  difficult  since  the  small  amounts  of  cytoplasmic  DNA 
that  are  observed  must  be  shown  to  be  distinct  from  nuclear  DNA.   Although  this 
is  difficult  In  the  absence  of  physically  measureable  differences  in  the  DNA 
samples,  it  has  been  adequately  accomplished  for  mitochondrial  and  microsomal 
DNA.   Both  of  these  types  of  DNA  were  shown  to  differ  markedly  from  nuclear 
DNA  in  the  rate  at  which  they  incorporated  labeled  thymidine,  in  their  half 
lifes,  and  in  their  reassociation  kinetics  and  consequently  both  microsomal 
and  mitochondrial  DNAs  can  be  considered  as  unique.   The  same  does  not  hold 
true  for  the  DNA  found  associated  with  melanin  granules  and  zymogen  granules; 
here  the  only  difference  discovered  was  the  small  size  of  melanin  DNA  compared 
with  nuclear  DNA  but  these  types  of  DNA  have  yet  to  be  thoroughly  studied. 
One  of  the  great  difficulties  in  studying  cytoplasmic  DNA  has  been  the  small 
amount  of  DNA  that  can  be  obtained  as  well  as  the  problems  inherent  in 
obtaining  highly  purified  subcellular  organelles.   The  use  of  recombinant 
DNA  technology  could  provide  such  DNA  samples  in  sufficient  quantities  for 
any  studies  and  the  availability  of  banks  of  DNA  clones  to  specific  protein 
constituents  of  cells  should  permit  the  establishment  of  the  functions 
that  cytoplasmic  DNA  samples  code  for  and  resolve  this  important  and 
basic  question.   Studies  of  cytoplasmic  DNA  have  now  reached  a  threshold 
beyond  which  significant  and  substantial  progress  should  be  made. 

Publications: 
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Objectives:   To  investigate  genetic  and  physical  factors  influencing 
the  success  of  bone  marrow   replacement  following  the  administration  of 
toxic  levels  of  ionizing  irradiation  and/or  chemotherapeutic  agents  used 
in  cancer  treatment.   The  ultimate  goal  is  to  devise  methods  for  preventing 
or  controlling  lethal  graf t-versus-host  reactions  (GVHR)  while  utilizing 
possible  immunotherapeutic  benefits  of  less  severe  reactions. 

Methods  Employed:   Multiple  inbred  strains  and  substrains  of  mice 
representing  the  major  histocompatibility  genotype  (H-2)  and  especially 
derived  substrains  are  bred  and  maintained  in  a  closed  colony  for  use  in 
this  investigation.   To  reduce  the  significance  of  uncontrollable  variable 
multiple  small  groups  of  mice  are  exposed  to  lethal  total  body  irradiation 
from  either  the  double  tube  250  kVp  therapeutic  X-ray  machine  or  the  Cesium- 
137  two  directional  irradiation.   Marrow  cells  from  different  donors  are 
engrafted  to  test  effects  of  genetic  disparity  between  H-2  genes  and  immune 
response  genes  as  well  as  sex  and  parity  status  on  the  severity  of  the  GVHR 
and  the  establishment  of  permanent  chimerism.   The  importance  of  physical 
factors  to  this  system  is  demonstrated  by  comparing  data  obtained  using 
two  different  X-ray  machines  operated  under  various  modified  conditions 
and  those  obtained  following  exposure  to  gamma  radiation  from  Cs-137. 

Major  Findings:   Among  the  physical  factors  already  demonstrated  to 
effect  the  results  in  this  biological  system  were  the  quality  of  the  X-rays 
emitted  by  two  different  X-ray  machines,  the  direction  of  the  exposure, 
i.e.,  dorsal  or  ventral  vs.  simultaneous  two  directional  exposure,  and 
the  addition  of  a  line  voltage  regulator  to  supplement  the  voltage 
stabilizer  incorporated  within  the  X-ray  machine. 

Biological  systems  unlike  physical  systems  may  be  affected  by  the  rate 
of  exposure  which  may  reflect  the  effects  of  repair  or  physiological  changes 
such  as  shifts  in  electrolyte  balance  or  hormonal  factors  resulting  from 
stress  during  exposure.   It  is  unlikely  that  a  significant  amount  of  repair 
occurs  over  the  relatively  short  exposure  time  of  minutes  used  in  these 
experiments  as  compared  with  protraction  over  hours  where  repair  is  a 
significant  factor  in  survival.   Since  exposure  to  dorsal  or  ventral 
irradiation  is  at  half  the  dose  rate  of  the  double  tube  exposure,  it  was 
necessary  to  test  for  possible  dose  rate  effects.   The  most  effective  way 
to  accomplish  this  was  to  reduce  the  output  of  two  directional  exposure  by 
reducing  the  milliamperage  (ma)  used.   Calibration  at  different  ma  settings 
established  the  linear  relationship  between  ma  setting  and  output  in  roentgens/ 
minute.   Three  groups  of  NBL/Up  mice  were  exposed  to  750  R  in  11' 49"  for  2 
tubes  operated  at  a  7  ma  setting.   This  protracted  irradiation  was  less 
effective  than  that  of  the  same  double  tube  exposure  at  15  ma  setting 
administered  in  half  the  time.   The  mortality  curve  for  protracted  double 
tube  exposure  overlapped  that  for  750  R  dorsal  exposure  administered  in 
11' 54"  and  that  for  acute  double  tube  exposure  to  725R  or  a  ventral 
exposure  to  775R.   Thus  the  dose  rate  effect  was  equivalent  to  a  dose 
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reduction  of  25R.   In  addition,  the  dose  reduction  of  the  dorsal  exposure 
was,  in  fact,  also  attributable  to  a  dose  rate  effect.   Since  there  was  no 
difference  in  dose  rate  between  dorsal  and  ventral  exposures,  the  25R 
difference  in  effect  of  ventral  exposure  (775R)  to  dorsal  exposure  (750R) 
was  attributed  to  a  dose  reduction  by  absorption  of  the  effective  irradia- 
tion to  hematopoietic  tissue.   This  dose  reduction  could  be  a  function  of 
the  distribution  of  marrow  in  the  spine  which  received  a  greater  absorbed 
dose  from  dorsal  than  from  ventral  exposure.   In  this  system  survival 
depends  upon  a  sufficient  number  of  marrow  stem  cells  surviving  the  lethal 
effects  of  the  radiation  to  repopulate  the  animals  hematopoietic  system. 
However,  in  treating  leukemia  survival  of  a  few  leukemic  cells  could  result 
in  a  reoccurence  of  the  disease. 

Demonstration  of  dose  reduction  by  absorption  within  a  plastic  phantom 
required  the  use  of  thermoluminescent  dosimetry  with  lithium  chloride  chips. 
Initially,  the  chips  were  calibrated  using  the  linear  accellerator  and 
required  the  cooperative  efforts  of  ROB.   With  the  installation  of  the 
Cs-137  source  gamma  radiation  proved  effective  for  calibration.   By  select- 
ing 6  chips  with  identical  fluorescent  characteristics,  it  was  possible  to 
demonstrate  the  dose  reduction  for  both  dorsal  and  ventral  irradiation  as 
compared  with  the  uniform  readings  obtained  following  two  directional 
exposure.   The  dose  reduction  of  25R  for  dorsal  exposure  has  already  been 
attributed  to  a  dose  rate  effect  since  dose  rate  affects  biological  systems 
but  not  physical  calibration.   The  greater  dose  reduction  (50R)  observed  for 
ventral  irradiation  compared  with  double  tube   exposure  is  explained  on  the 
basis  of  a  synergistic  effect  between  dose  rate  effect  and  dose  reduction  by 
absorption.   To  use  lithium  chloride  chips  to  compare  the  difference  between 
dorsal  and  ventral  exposures  would  require  statistical  analysis  of  more  data 
than  is  available. 

Neither  the  thermoluminescent  dosimetry  nor  calibration  with  the 
Victoreen  Ionization  Chamber  could  detect  any  difference  in  dose  for  ex- 
posures with  and  without  the  auxiliary  live  voltage  regulator.   This  was 
another  demonstration  that  a  biological  system  was  sufficiently  sensitive 
to  detect  qualitative  differences  in  X-rays  not  readily  demonstrated  by 
other  methods.   Differences  in  quality  of  X-rays  from  different  machines 
is  one  possible  explanation  for  a  failure  to  reproduce  experimental  data 
involving  X-irradiation  conducted  in  different  laboratories. 

Since  the  dose  rate  effects  dorsal  and  ventral  exposure  it  would  seem 
logical  to  expect  the  dose  rate  to  affect  the  alternate  exposure  where  half 
the  dose  is  administered  dorsally  followed  immediately  by  ventral  exposure 
for  the  remainder  of  the  dose.   This  simulates  the  common  practice  in  radia- 
tion therapy  where  subjects  are  exposed  on  alternate  sides  to  increase  the 
midline  exposure  while  reducing  the  expose  on  either  side  of  the  midline. 
Preliminary  data  for  2  different  inbred  strains  exposed  to  dorsal  irradia- 
tion followed  immediately  by  ventral  exposure  from  X-ray  tubes  with 
identical  calibrated  output  indicates  that  the  biological  effect  is  not 
equivalent  to  the  simultaneous  two  directional  exposure.   Sufficient  data 
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is  available  for  C57BL/KaUp  mice  to  indicate  that  alternate  exposure  is 
less  effective  than  the  same  total  dose  given  dorsally  but  more  effective 
than  the  same  dose  given  ventrally.   In  addition  to  the  25R  dose  rate 
reduction  there  is  an  additive  effect  of  another  factor  which  further  reduces 
the  effectiveness  of  the  alternate  exposure  method.   It  will  be  interesting 
to  see  if  this  additional  factor  is  related  to  the  order  in  which  the  ex- 
posures are  administered,  i.e.,  dorsal  +  ventral  vs.  ventral  +  dorsal. 

The  Cs-137  two  directional  irradiator  was  ready  for  operation  August  1, 
1979.   During  the  installation  a  modification  was  made  to  allow  single  source 
exposure  for  comparison  with  the  two  directional  exposure.   The  higher  energy 
of  the  gamma  radiation  from  Cs-137  resulted  in  greater  penetration  and  less 
absorption  than  for  X-irradiation.   Therefore,  a  higher  dose  of  gamma  radia- 
tion is  required  to  produce  the  same  biological  effect  as  the  X-rays.   It  was 
necessary  to  conduct  dose  response  studies  and  establish  characteristic 
mortality  curves  before  engaging  in  comparative  marrow  transplantation  experi- 
ments.  One  limitation  for  the  dose  of  X-rays  tolerated  by  mice  is  the 
sensitivity  of  the  gastrointestinal  track  since  gut  damage  is  not  reversible 
by  marrow  transplantation.   A  certain  small  percentage  of  mice  exposed  to 
800-900R  X-irradiation  followed  by  marrow  inoculation  will  die  within  14  days 
from  apparent  gut  damage  and  an  adjustment  was  necessary  when  studying 
the  GVHR  mortality.   With  gamma  irradiation  in  the  1000-1100R  range 
all  marrow  inoculated  mice  have  survived  longer  than  14  days.   This 
suggests  that  at  high  doses  of  X-irradiation  there  is  a  tail  on  the 
mortality  curve  for  gut  death  that  overlaps  the  curve  from  hematopoietic 
death;  with  with  exposure  to  Cs-137,  there  appears  to  be  a  clearer 
separation  between  hematopoietic  and  gastrointestinal  death  from  exposure 
in  the  lethal  range.   It  will  be  of  interest  to  see  what  effect,  if 
any,  this  might  have  on  the  severity  of  the  GVHR  since  gastrointestinal 
symptoms  are  a  prominent  component  of  this  reaction. 

Following  exposure  to  mid  and  upper  lethal  doses  of  gamma  radiation 
there  is  a  secondary  mortality  usually  between  14-30  days  characterized  by 
a  secondary  anemia.   This  phenomenon  suggests  the  survival  for  a  short 
period,  possibly  through  one  or  two  cell  division  cycles,  of  some  damage 
to  hematopoietic  cells  which  results  in  prolonged  life  but  which  is  not 
sufficient  to  sustain  life.   Mortality  after  30  days  may  represent  delayed 
radiation  damage  to  vital  organs  such  as  the  lungs. 

A  comparison  between  two  directional  exposure  and  ventral  exposure  to 
Cs-137  has  not  been  completed.   However  preliminary  data  indicates  that  there 
is  probably  a  dose  rate  effect.   Since  there  is  no  data  yet  available  for 
dorsal  exposures,  the  difference  in  mortality  can  not  be  attributed  to  other 
effects  such  as  dose  reduction  by  absorption  as  was  the  case  with  X-rays. 

The  value  of  two  directional  exposure  was  apparent  in  restrospective 
analysis  of  experiments  on  the  treatment  of  transplantable  neoplasms  with 
radiation  and  marrow  transplantation.   More  complete  destruction  of  the 
neoplasms  was  obtained  with  800-900R  two  directional  X-irradiation  as  compared 


248 


Project  No.  Z01  CB  00941-24  LPP 

to  1600R  protracted  dorsal  exposure  under  conditions  of  maximum  back  scatter 
(Uphoff  and  Law,  in  press). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Simultaneous  two  directional  irradiation  has  been  used  for  irradiating 
experimental  animals  at  NIH  since  1948.   The  rationale  was  to  achieve  as 
uniform  a  tissue  dose  as  possible  for  larger  animals  and  a  time  saving  device 
for  smaller  animals.   It  is  clear  that  simultaneous  two  directional  irradia- 
tion has  an  intrinsic  benefit  in  treating  mice  as  well  as  larger  animals. 
Greater  care  should  be  paid  to  the  conditions  of  the  exposure  and  more  pre- 
cise descriptions  should  be  included  in  publications.   These  findings  have 
potential  importance  for  all  projects  using  ionizing  irradiation. 

Proposed  Course  of  Research:   Baseline  data  for  irradiating  inbred  mice 
with  gamma  irradiation  have  been  completed  allowing  for  expansion  of  basic 
marrow  transplantation  experiments  for  comparison  with  data  obtained  using 
X-irradiation.   Hybrids  are  now  being  raised  for  dose  response  studies 
preparatory  for  transplantation  experiments  and  a  continuation  of  the 
investigation  of  maternal  influences.   In  this  connection  there  has  been  a 
renewed  interest  in  modifications  transmitted  to  progeny  of  neonatally 
tolerant  males  as  a  result  of  E.J.  Steel's  recent  reports.   This  phenomenon 
was  first  reported  by  Guttman  (1963-64)  and  subsequently  included  in  the 
investigation  of  maternal  influences.   As  time  and  space  permits  a  new  subline 
will  be  established  for  the  purpose  of  reversing  these  modifications  by 
backcrossing  progeny  of  tolerant  males  to  their  strain  of  origin. 

Experiments  involving  thermoluminescent  dosimetry  and  the  effects  of 
alternate  exposure  to  X-irradiation  will  be  completed  with  no  plans  for 
expansion. 

Publications: 

1.   Uphoff,  D.E.  and  Law,  L.I.   X-irradiation  and  bone  marrow  transplan- 
tation for  treatment  of  murine  leukemia:   A  reevaluation.   In 
Okunewick,  J.  and  Meredith,  R.  (Eds.)   Graft  vs.  Leukemia  in  Man 
and  Animal  Models.   Boca  Raton,  Florida,  CRC  Press.   In  press. 
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SUMMARY  OF  WORK  (200  words  op  lass  -  underline  keywords) 

The  effects  of  ionizing  and  ultra-violet  radiation  on  nucleic  acids  and 
proteins  and  their  constituents  are  being  studied.   The  modification  of 
radiation  damage  in  DNA  by  cancer  chemotherapy  agents  of  the  intercalating 
and  alkylating  types  is  of  interest,  since  such  information  may  be  useful 
in  radiation  therapy. 

The  present  report  includes  electron  spin  resonance  (e.s.r.)  studies  of 
spin-trapped  radicals  produced  by  y-irradiation  of  polycrystalline 
amino  acids ,  peptides ,  nucleic  acid  bases ,  nucleosides  and  their 
5-halosubstituted  derivatives.   The  UV-photolysis  of  aliphatic  and 
aromatic  peptides  in  aqueous  solutions  was  investigated  by  spin-trapping. 
The  free  radicals  in  Y~irradiated  single  crystals  of  glutaric  acid 
were  studed  in  the  temperature  range  from  77 °K  to  300°K. 
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Project  Description: 

Objectives:   The  effects  of  ionizing  and  ultraviolet  radiation  on 
biological  macromolecules  and  their  constituents  are  being  investigated. 
For  reproductive  death,  DNA  is  the  target  molecule  in  viruses  and  is  at 
least  a  part  of  the  target  molecule  in  bacteria  and  mammalian  cells. 
Radiation  damage  to  DNA  is  produced  by  the  "direct  effect"  through  the 
formation  of  radical  ions,  electrons,  excited  states  and  neutral  free 
radicals  or  by  the  "indirect  effect"  where  radical  species  formed  in  the 
surrounding  medium  by  radiation  react  with  DNA.   For  water,  these  species 
are  hydrated  electrons,  hydrogen  atoms  and  hydroxyl  radicals.   In  the 
case  of  radiation  damage  to  the  chromosome,  radicals  formed  in  the 
nucleohistone  may  cause  damage  to  the  DNA. 

In  the  chain  of  events  that  leads  to  loss  of  biological  activity, 
free  radicals  play  an  important  role.   Chemical  compounds  have  been 
discovered  which  significantly  modify  radiation  effects.   These  include: 
(a)  electron  affinity  sensitizers  which  act  on  hypoxic  tumor  cells,  (b) 
halogenated  pyrimidines  which  are  incorporated  into  DNA  and  (c)  cancer 
chemotherapy  agents  of  the  intercalating  or  alkylating  type  which  sensitize 
tumor  and  normal  cells. 

Studies  of  the  mechanism  of  action  of  radio-sensitizers  and  radio- 
protectors  are  necessary  to  design  improved  combinations  of  chemotherapy 
and  radiation  therapy. 

An  understanding  of  the  mechanisms  by  which  ionizing  radiation  brings 
about  the  loss  of  biological  activity  in  macromolecules  is  likely  to  help  in 
.the  development  of  new  methods  for  altering  the  efficiency  of  cell  killing 
with  possible  benefits  to  radiation  therapy. 

In  the  last  few  years  it  has  become  apparent  that  superoxide  anion 
radicals  and  hydroxyl  radicals  are  found  in  many  biological  systems  in  the 
absence  of  either  ionizing  radiation  or  UV-photolysis.   Recent  reports 
have  indicated  that  hydroxyl  radicals  are  produced  in  the  presence  of 
certain  anti-cancer  drugs  such  as  bleomycin  and  adriamycin.   The  significance 
of  radical  reactions  is  therefore  not  confined  to  radiation  biology. 

Methods  Employed:   Nucleic  acids,  proteins  and  their  constituents  were 
y-irradiated  either  in  the  solid  state  at  2  x  10"-'  torr  or  in  aqueous 
solutions  in  an  800-curie  Cobalt  Y-source.   Electron  spin  resonance  studies 
were  carried  out  with  a  Varian  E-9  Spectrometer  connected  to  a  Nicolet  Lab 
80  computer.   For  photolysis  studies  at  specific  wavelengths,  a  1000-watt 
high  pressure  Mercury-Xenon  arc  source  and  monochromator  were  employed. 

Spin-trapping  Method: 

In  the  spin-trapping  method,  the  short-lived  free  radicals  react  with  a 
diamagnetic  scavenger  (the  spin-trap)  to  produce  longer-lived  radicals 
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(the  spin-adduct)  which  can  be  conveniently  investigated  by  e.s.r.   In  our 
studies,  t-nitrosobutane  (tNB)  was  employed  as  the  spin-trap,  equation  (1): 


tBu       .    tBu 
(1)   R«   +   tBu  -  N  =  0  -*     ^  N  -  0  <->■        y    N-+  -  0" 

RX  R 

The  e.s.r.  spectrum  of  the  spin-adduct  nitroxide  shows  a  primary  triplet 
splitting  due  to  the  *%  nucleus  and  secondary  splittings  which  usually 
arise  from  the  magnetic  nuclei  of  the  trapped  radical  R* .   From  the  e.s.r. 
spectra  of  the  nitroxide,  the  structure  of  R*  can  often  be  identified. 
For  some  experiments  in  which  several  radicals  were  spin-trapped 
simultaneously,  the  resulting  spin-adduct  nitroxides  were  separated  by 
means  of  a  Waters  High  Pressure  Liquid  Chromatograph  with  a  C^-micro 
BONDAPAK  column  and  water-methanol  elution  gradients.   A  capillary  flow- 
detector  in  the  e.s.r.  cavity  was  used  to  indicate  the  positions  of  the 
free  radical  peaks. 

Major  Findings:   1.   Free  radicals  in  dicarboxylic  acids:   An  e.s.r. 
study  of  radical  conversions  in  Y -irradiated  single  crystals  of  glutaric 
acid  and  glutaric-2, 2,4,4-d4  acid  (with  R.  Bergene  and  A.  Minegishi). 

The  Y-radiation-induced  free  radicals  in  single  crystals  of  glutaric  acid  and 
glutaric-2, 2, 4, 4-d4  acid  were  studied  in  the  temperature  range  77-300°K  by 
e.s.r.  techniques.   At  77°K  the  decarboxylation  radical  and  the  anion  are 
stabilized.   At  higher  temperatures  the  decarboxylation  radical  is  found  to 
be  converted  into  a  hydrogen  abstraction  radical  with  an  activation  energy 
of  6.3+0.5  kcal/mole  for  the  non-deuterated  crystal.   This  radical  is 
stable  at  room  temperature.   The  anion  seems  to  be  converted  to  an  unidenti- 
fied intermediate  radical  which  in  turn  is  converted  to  the  o-acyl  radical. 
An  analysis  of  the  g-value  anisotropy  and  of  the  "C  hyperfine  splitting 
variation  for  this  radical  in  the  deuterated  crystal  is  consistent  with  the 
assigned  radical  structure.   By  heat  treatment  the  CT~acyl  radical  is  converted 
to  another  form  of  the  hydrogen  abstraction  radical  with  an  activation  energy 
of  9.6+0.6  kcal/mole  in  the  deuterated  crystal.   Uvlight  (A  =  254  nm) 
transforms  one  of  the  room  temperature  radicals  into  the  other. 

2.   E.s.r.  of  spin-trapped  radicals  in  aqueous  solutins  of  amino 
acids  and  alcohols  (with  A.  Minegishi  and  R.  Bergene). 

Selectively  deuterated  compounds  can  be  utilized  in  spin-trapping  to  obtain 
conclusive  evidence  for  the  structure  of  the  trapped  radicals.   Radicals 
formed  from  DL-alanine-2-di ,  DL-alanine-3,3,3-d3,  DL-alanine-d4,  glycine-d5, 
isopropyl-2-dj  alcohol,  isopropyl-dg  alcohol  and  t-butyl-dg  alcohol  were 
studied.   The  hydrogen  abstraction,  deamination  and  decarboxylation  radicals 
generated  from  deuterated  alanines  were  investigated  by  spin-trapping  using 
t-nitrosobutane.   Since  nitroxides  of  the  type  XYZC-CH2-N(0)-tBu  which  con- 
tain an  asymmetric  center  next  to  the  CH2  group  exhibit  unequal  S -proton 
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splittings  and  temperature  dependent  line  width  alternations,  the  effects  of 
temperature  on  the  e.s.r.  spectra  were  studied.   By  these  methods  the  struc- 
tures of  the  trapped  radicals  were  verified  and  the  hyperfine  coupling 
constants  could  be  assigned  without  ambiguity.   In  Y-irradiated  polycrystalline 
amino  acids,  the  observed  deuterium  exchange  can  be  conveniently  surveyed 
by  dissolution  in  aqueous  solutions  containing  t-nitrosobutane. 

3.  E.s.r.  of  spin-trapped  radicals  in  y-irradiated  polycrystalline  amino 
acids,  N-acetyl  amino  acids  and  dipeptides  (with  A.  Minegishi  and  R.  Bergene). 

The  radicals  produced  in  several  polycrystalline  amino  acids,  N-acetyl  amino 
acids  and  dipeptides  by  yradiolysis  at  room  temperature  were  investigated 
by  spin-trapping.   After  irradiation  in  the  solid  state,  the  samples 
wer  dissolved  in  aqueous  solutions  of  t-nitrosobutane  and  the  trapped 
radicals  identified  by  e.s.r.   For  ct-amino  acids,  dearaination  radicals 
were  found,  and  in  some  cases  H-abstraction  radicals  were  also  observed. 
No  decarboxylation  radicals  could  be  detected.   For  N-acetyl  amino  acids, 
except  for  N-acetylglycine,  the  major  radical  was  the  decarboxylation 
radical.   For  N-acetylglycine  the  H-abstraction  radical  from  the  glycine 
residue  was  observed.   For  dipeptides  of  the  type  x-glycine,  the  radical 
formed  by  removal  of  H  from  the  a- carbon  of  the  C-terminal  residue  was 
always  spin-trapped.   Some  primary  deamination  radicals  and  minor  amounts 
of  decarboxylation  radicals  could  also  be  observed.   For  dipeptides  of  the 
type  x-alanine,  gly-x  and  ala-x,  the  decarboxylation  radical  was  always  the 
major  spin-trapped  radical.   Some  primary  and  secondary  deamination  radicals 
were  also  observed. 

4.  U.V.  Photolysis  of  aqueous  solutions  of  aliphatic  peptides  (with 
Y.  Lion  and  M.  Kuwabara). 

The  direct  photolysis  of  aliphatic  dipeptides  in  aqueous  solutions  with 
220  +  10  nm  light  has  been  investigated  at  room  temperature.   The  short- 
lived free  radicals  formed  during  photolysis  were  spin-trapped  by  tert. 
nitrosobutane  and  identified  by  electron  spin  resonance  spectroscopy.   In 
all  cases,  the  photo-induced  decarboxylation  radical  was  identified.   Its 
yield  was  found  to  increase  with  the  concentration  of  the  nonionized  form 
of  the  carboxyl  group.   In  9  M  NaOH,  secondary  deamination  radicals  were 
observed.   For  glycylsarcosine  two  conformational  isomers  of  the  spin-adduct 
of  the  decarboxylation  radical  were  formed,  one  of  which  exhibited  linewidth 
alternation,   whereas  in  dipeptides  no  scission  was  observed  between  the  two 
amino  acid  residues,  In  polyalanines  of  varying  chain  lengths  and  in 
polyglycyl-L-alanyl-L-proline  main  chain  scission  between  thea-carbon 
and  the  carbonyl  group  of  the  peptide  bond  was  also  observed. 

Poly  (gly-L-ala-L-prol) 12  was  used  as  a  model  compound  for  collagen. 
This  amino  acid  sequence  occurs  frequently  in  collagen,  which  is  the  major 
component  of  the  cornea  of  the  eye. 
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5.  UV  Photolysis  of  aqueous  solutions  of  aromatic  dipeptides  (with  Y.  Lion 
and  M.  Kuwabara). 

The  UV-photolysis  of  aqueous  solutions  of  dipeptides  of  the  type  phenylalanine 
-x  produced  the  decarboxylation  radical  of  the  C-terminal  residue.  In  some 
cases  the  benzyl  radical  was  also  spin-trapped.  For  dipeptides  of  the  type 
x-phenylalanine  the  decarboxylation  radical  of  phenylalanine  and  the  benzyl 
radical  were  observed.  The  yield  of  decarboxylation  radicals  at  220  nm 
increased  markedly  at  low  pH  with  increase  in  the  undissociated  form  of  the 
carboxyl  group.   However,  at  260  rm  the  radical  yield  was  independent  of  pH. 

In  order  to  understand  the  photochemistry  of  peptides  containing  tyro- 
sine, phenol  was  studied  as  a  model  compound.   AT  265  nm  and  pH  11,  the 
semiquinone  radical  from  phenol  was  observed  by  e.s.r.  in  its  untrapped  state. 
At  pH  3.5  a  spin-trapped  radical  due  to  addition  of  a  radical  on  the  aromatic 
ring  was  observed.   For  tyrosine  dipeptides  photolysed  at  280  nm  similar 
radicals  on  the  aromatic  ring  were  identified. 

The  extension  of  this  approach  to  larger  polypeptides  was  expored  by 
studying  the  photolysis  of  the  oxidized  A-chain  of  insulin  and  the  S-peptide 
of  ribonuclease.   The  oxidized  A-chain  of  insulin  contains  21  amino  acid 
residues;  the  only  aromatic  residues  are  two  tyrosines  at  positions  14  and  19. 

Photolysis  of  the  oxidized  A-chain  of  insulin  in  a  D2O  solution  at  pD  12 
with  280  nm  light  produced  a  spin-adduct  with  detailed  hyperfine  splittings. 
The  secondary  hyperfine  structure  consisted  of  eight  lines  with  0.8  G 
splittings.   This  spectrum  is  characteristic  of  a  radical  formed  by  scission 
of  the  C  -N  bond  of  the  tyrosine  residue. 

The  S-peptide  of  ribonuclease  A  consists  of  20  amino  acid  residues  with 
a  single  aromatic  residue,  phenylalanine,  at  position  8.   Photolysis  at  254 
nm  produced  a  spin-trapped  radical  with  a  structure  of  six  lines  with  hyper- 
fine coupling  constants  of  0.5  and  1.0  G  due  to  hydrogen  and  nitrogen, 
respectively.   This  radical  was  assigned  to  the  e.s.r.  spectrum  of  a  decar- 
boxylation radical  which  results  from  main  chain  scission  of  the  polypeptide. 

The  present  results  suggest  possible  future  applications.   It  is 
possible  to  bring  about  main  chain  scission  of  polypeptides  by  UV-photolysis 
at  specific  locations  which  can  be  determined  by  spin-trapping. 

6.  E.s.r.  of  spin-trapped  radicals  in  ^-irradiated  polycrystalline  nucleic 
acid  constituents  and  their  halogenated  derivatives  (with  M.  Kuwabara 

and  Y.  Lion). 

The  selective  sensitization  of  tumor  cells  to  ionizing  radiation  by 
incorporation  of  the  halogenated  5-halodeoxyuridines  into  their  DNA  is  of 
interest  in  radiation  therapy.   It  has  been  shown  by  previous  workers  that 
cells  in  which  thymidine  residues  of  DNA  have  been  replaced,  5-halodeoxy- 
uridines become  several  times  more  sensitive  to  the  lethal  effects  of  Y-rays. 
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Our  spin-trapping  studies  were  undertaken  to  contribute  to  the  understanding 
of  the  molecular  mechanisms  responsible  for  this  sensitization. 

Two  types  of  models  should  be  considered.   First,  an  aqueous  solution 
model  in  which  reactions  of  OH  radicals  or  hydrated  electrons  with  the 
halo-base  leads  to  cleavage  of  the  carbon-halogen  bond,  followed  by  an 
attack  of  the  uracilyl  radical  on  a  neighboring  sugar  moiety  producing  a 
sugar  radical  which  leads  to  a  chain  break.   Second,  a  solid  state  model 
in  which  the  increased  electron  affinity  of  the  halosubstituted  base 
prevents  recombination  of  cation  and  anion  radicals  first  formed  in  deoxy- 
ribose,  thus  producing  increased  sugar  damage  and  chain  breaks. 

Free  radicals  in  Y-irradiated  polycrystalline  nucleic  acid  constituents 
and  their  halogenated  derivatives  have  been  studied  by  e.s.r.  and  spin- 
trapping.   After  Y-irradiation  at  room  temperature,  the  polycrystalline 
samples  (15-100mg)  were  dissolved  in  aqueous  solutions  of  t-nitrosobutane  in 
the  preence  or  absence  of  oxygen.   For  many  of  the  nucleic  acid  constituents, 
two  types  of  radicals,  -C(5)RH-C(6)H-  and  -C(5)R-C(6)H2-,  formed  by  H-addition 
to  the  double  bond  (-C(5)R=C(6)H-)  of  the  base  were  observed,  where  R  is 
-CH3  or  -H.   In  addition,  the  types  of  radicals,  -C(2')H(or  OH)-  and 
-C(5')H2,  formed  at  the  C(2')  and  C(5')  positions  of  the  sugar  were  found  for 
one  ribonucleoside  and  the  deoxyribonucleosides.   When  oxygen  was  present  in 
the  t-nitrosobutane  solution,  the  relative  stability  of  trapped  radicals  was 
changed  and  additional  radical  species   produced  by  H-abstraction  from  -N(l)- 
or  -N(3)-  were  found  for  thymine  and  thymidine.   For  halogenated  derivatives 
two  types  of  radicals,  -C(6)-  and  -C(5)(halo)-C(6)H2-,  were  observed.  These 
were  formed  by  H-addition  to  0(4)  and  to  the  C(6)  pposition,  respectively. 
No  evidence  for  radicals  on  the  sugar  moiety  could  be  obtained  for  halogenated 
uridine  and  deoxyuridines.   The  results  of  the  present  experiments  were  in 
good  agreement  with  those  of  previous  single  crystal  studies. 

7.   Role  of  free  radicals  in  aplastic  anemia  induced  by  chloramphenicaol 
(with  Y.  Lion  and  G.  Krishna,  D.  Seagal  of  the  Laboratory  of  Chemical 
Pharmacology,  NHLB). 

Chloramphenicol  is  widely  used  in  the  treatment  of  typhoid  and  other 
infectious  diseases.   We  are  investigating  the  mechanism  of  its  bone  marrow 
toxicity  which  leads  to  aplastic  anemia.   Other  compounds  which  are  used  in 
the  treatment  of  cancer  also  induce  radicals  or  their  byproducts  in  the 
formation  of  aplastic  anemia  induced  by  chloramphenicol  is  being  investigated. 
The  understanding  of  this  mechanism  may  help  in  the  development  of  anti-cancer 
drugs  devoid  of  this  side  effect. 

We  have  identified  the  e.s.r.  spectrum  of  the  chloramphenicol  radical 
anion  formed  by  the  reaction  of  hydrated  electrons  with  chloramphenicol. 
In  the  absence  of  oxygen  its  half  life  exceed  three  days.   We  plan  to 
investigate  the  formation  of  this  radical  in  biological  systems  using 
bone  marrow  cells. 
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Significance  to  Cancer  Research  and  the  Program  of  the  Institute: 
Studies  of  the  effects  of  ionizing  radiation  are  of  importance  in  relation 
to  (1)  radiation  therapy,  (2)  carcinogenesis,  (3)  stability  of  the  genetic 
pool,  (4)  the  suppression  of  the  immune  mechanism,  and  (5)  aging.   The 
effects  of  ionizing  radiation  on  nucleic  acids  are  being  studied  in  order 
to  understand  the  nature  of  radiobiological  death  in  normal  and  tumor  cells. 
The  addition  of  radioprotective  and  radiosensitizing  agents  is  being  investi- 
gated so  that  a  therapeutic  advantage  may  be  gained.   Objective  6,  Approach  1. 

Proposed  Course  of  Research:   To  continue  studies  on  the  effects  of 
ionizing  radiation  on  macromolecules  of  biological  importance.   The  mechan- 
ism of  radioprotective  and  radiosensitizing  agents  and  the  interaction  of 
radiation  and  cancer  chemotherapy  agents  will  be  investigated. 

Publications: 

1.  Riesz,  P.  and  Rustgi,  S.   Aqueous  radiation  chemistry  of  protein  and 
nuclei  acid  constituents:   ESR  and  spin-trapping  studies. 
Radiation  Physics  and  Chem.  13:   21-40,  1979. 

2.  Bergene,  R.  ,  Minegishi,  A.,  Riesz,  P.  and  Mel«$,  T.B.   Free  radicals 
in  dicarboxylic  acids:   An  e.s.r.  study  of  Y-irradiated  simple 
crystals  of  glutaric  acid  at  77K.   Int.  J.  Radiat.  Biol.  37:   237-247, 
1980. 

3.  Bergene,  R. ,  Minegishi,  A.  and  Riesz,  P.   Free  radicals  in  dicarboxylic 
acids.   An  e.s.r.  study  of  radical  conversions  in  Y-irradiated  single 
crystals  of  glutaric  acid  and  glutaric-2, 2,4,4-d4  acid. 

Int.  J.  Radiat.  Biol.   In  press. 

4.  Minegishi,  A.,  Bergene,  R.  and  Riesz,  P.   E.s.r.  of  spin-trapped 
radicals  in  aqueous  solutions  of  deuterated  amino  acids  and  alcohol. 
Int.  J.  Radiat.  Biol.   In  press. 

5.  Minegishi,  A.,  Bergene,  R.  and  Riesz,  P.   E.s.r.  of   spin-trapped 
radicals  in  Y-irradiated  polycrystalline  amino  acids,  N-acetyl  amino 
acids  and  dipeptides.   Int.  J.  Radiat.  Biol.   In  press. 


256 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  ANO  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  CB  00944-18  LPP 


PERIOD  COVERED 

October  1.  1979  to  September  30,  1980 


TITLE  OF    PROJECT   (80  characters   or  less) 
Total  Metabolism  of   Cancer  Cachexia 


NAMES,   LABORATORY   ANO    INSTITUTE  AFFILIATIONS,    AND   TITLES  OF    PRINCIPAL    INVESTIGATORS  ANO   ALL   OTHER 
PROFESSIONAL   PERSONNEL   ENGAGED   ON   THE   PROJECT 


PI:       Seoras  D.  Morrison 
Others:   John  D.  Radcliffe 
Martin  B.  Popp 


Research  Physiologist        LPP,  NCI 
Visiting  Fellow  LPP,  NCI 

Surgeon  .  SURG,  NCI 


COOPERATING  UNITS  (if  any) 

Surgical  Metabolism  Section,  Surgery  Branch,  NCI 


LAB/ BRANCH         

Laboratory  of  Pathophysiology 


SECTION 

Energy  Metabolism  Section 


INSTITUTE  AND  LOCATION 

NCI.NIH  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 


3.25 


PROFESSIONAL: 


1.75 


1.5 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

□  (al)  MINORS   □  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


□  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  op  less  -  underline  keywords) 

This  project  is  directed  towards  identifying  the  causes  of  the  nutritional 
depletion  and  general  deterioration  of  the  host,  known  as  cancer  cachexia, 
with  a  view  to  blocking  or  reversing  these  systemic  effects  of  cancer  so  that 
the  cancer  patient  could  become  more  accessible  to  anti-cancer  therapies.   The 
approach  to  this  is  by  investigation  of  total  energy,  water  and  other  material 
exchanges,  and  of  the  physiological  and  behavioral  control  of  food  and  water 
intake  in  normal  and  cancerous  organisms. 
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Project  Description: 


Objectives :   (a)   Investigation  of  the  patterns  of  heat  production  of 
rats  with  concomitant  recording  of  feeding  behavior  and  other  activity  with 
a  view  to  finding  how  the  energy  expenditure,  feeding  and  general  behavior 
pattern  are  related  to  tumor  growth,  to  finding  the  nature  of  the  loads 
imposed  by  a  tumor  on  its  host,  and  to  indentifying  the  causes  of  cancer 
cachexia.   (b)  Investigation  of  relative  changes  in  water  and  material 
exchanges  in  tissue  compartments  of  the  rat  during  imposed  and  induced 
changes  in  food  and  water  intake  and  the  relation  of  these  to  tumor  induction 
and  growth.   (c)  Examination  of  metabolic  effects  of  total  parenteral 
nutrition  and  chemotherapy  in  non-tumor-bearing  rats  and  on  the  cachexia 
and  decline  of  food  intake  induced  by  tumor  growth.   (d)  Identification  of 
functional  sites  and  causes  of  breakdown  of  control  of  food  intake  during 
tumor  growth.   (e)  Development  of  conceptual  models  of  control  of  food  and 
water  intake  and  regulation  of  energy  and  water  exchange  and  their  inter- 
relationships for  normal  animals  and  for  the  cancer  cachectic  process. 

Methods  Employed:   The  methods  of  indirect,  total,  long-term 
calorimetry,  operant  conditional  responses,  placement  of  electrolytic 
lesions  in  or  stimulation  of  the  central  nervous  system,  continuous  or 
programmed  infusions   into  unrestrained  animals,  and  methods  of  orthodox 
nutritional  studies.   Computer  methods  of  numerical  analysis  of  serial 
records  of  tumor  growth,  continuous  records  of  gaseous  exchange  and  of 
change  in  feeding  and  drinking  patterns  in  relation  to  total  energy 
exchange  and  tumor  growth.   Sprague-Dawley  rats,  Buffalo  rats  and  Fischer 
rats  are  used  in  all  animal  experiments.   Most  tumor-bearing  rats  are 
inoculated  with  Walker  256  carcinoma,  but  other  transplantable  tumors 
are  also  used. 

Major  Findings:   Work  is  continuing  on  the  behavioral  and  metabolic 
origins  of  the  decline  in  food  intake  that  is  largely  responsible  for  the 
cachectic  decay  accompanying  tumor  growth.   The  feeding  responses  of 
tumor-bearing  animals  to  stimuli  that  induce  feeding  response  in  normal 
animals  are  being  examined.   Some  of  the  individual  components  of  normal 
feeding  control  that  are  impaired  or  unimpaired  by  tumor  growth  have  been 
identified  and  quantitatively  assessed.   Extensive  laboratory  studies  of 
the  effect  of  4  different  transplantable  tumors  on  response  of  rats  to 
lowered  environmental  temperature  have  now  been  completed  and  the  very 
extensive  data  are  being  analyzed.   A  study  on  the  relationship  between 
the  behavioral  output  of  feeding  and  resultant  food  intake  indicates  that  in 
normal  animals  these  two  variables  are  partially  uncoupled. 

A  project  (J.D.  Radcliffe)  on  the  effects  on  the  cachectic  impulse  of 
various  dietary  amino-acid  deficiences  and  imbalances  has  been  completed 
and  reports  are  in  preparation.   In  some  instances  the  depression  of  food 
intake  due  to  deficiency  is  attenuated  by  presence  of  a  tumor. 
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A  project  (M.B.  Popp)  on  the  metabolic  effects  of  total  parenteral 
nutrition  (TPN)  in  normal  rats  and  in  rats  growing  MCA  sarcoma  has  been 
completed  and  reports  are  in  preparation.  TPN  does  not  appear  to  alter 
the  energy  metabolic  pattern  of  normal  rats  significantly,  but  in  the 
presence  of  tumor  the  effect  of  TPN  is  complex  and  may,  in  some  circum- 
stances be  unfavorable. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  findings  on  control  of  feeding  in  tumor  growth  are  throwing  light  on  the 
nature  of- cancer  cachexia  and  should  be  utilizable  in  the  development  of 
effective  methods  for  improving  the  nutritional  condition  of  cancer  patients. 
The  section  of  the  National  Cancer  Plan  that  the  work  most  closely  approxi- 
mates is:   Objective  6  (Develop  the  means  to  cure  cancers  and  to  retard  the 
progress  of  cancers  not  cured).   Approach  4  (Enhance  the  host's  ability  to 
eliminate  or  prevent  further  development  of  Cancer).   It  is  also  immediately 
relevant  to  the  1974  Amendment  to  the  Cancer  Act  (Collect  ....information 
respecting  nutrition  programs  for  cancer  patients  and  the  relationship 
between  nutrition  and  cancer). 

Proposed  Course  of  Research:   Work  in  energy  and  water  exchange  of 
tumor  bearers  will  be  continued  along  with  study  on  the  interaction  of 
metabolic  and  behavioral  responses  of  normal  and  cancerous  animals,  with 
particular  reference  to  the  reasons  for  the  changes  in  food  and  water  intake 
and  depletion  of  host  tissues  that  occur  during  tumor  growth.   Work  is 
planned  on  the  interaction  of  TPN  and  chemotherapeutic  agents  in  influencing 
tumor  growth  and  cachexia.   Objective  6,  Approach  4. 

Publications: 

1.  Morrison,  S.D.   Anorexia  and  the  cancer  patient.   In  Van  Eys,  Nichols 
.  .   and  Seelig  (Eds.).   Nutrition  and  Cancer.   New  York,  Spectrum,  1979, 

pp.  31-47. 

2.  Morrison,  S.D.   Control  of  food  intake  in  experimental  tumor  growth. 
Cancer  Reports.   In  press. 

3.  Popp,  M.B.,  Morrison,  S.D.  and  Brennan,  M.F.   Total  parenteral  nutrition 
in  a  methycholanthrene-induced  rat  sarcoma  model.   Cancer  Reports. 

In  press. 

4.  Radcliffe,  J.D.  and  Morrison,  S.D.   Protein  quality,  food  intake  and 
growth  in  normal  an  Walker  256  carcino-sarcoma-bearing  rats. 

J.  Nutr.   In  press. 
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Project  Description: 

Methods  Employed:   Hela  cells  were  cultivated  in  suspension  culture  and 
synchronized  at  G^/S  with  2  mM  hydroxyurea.  Cellular  levels  of  poly(ADPR)  were 
quantitated  by  radioimmunoassay  following  protease,  micrococcal  nuclease  and 
ribonuclease  digestion  and  phenol  extraction.   Specificity  of  the  assay  was 
confirmed  by  pretreating  the  cell  extracts  with  poly(ADPR)  glycohydrolase, 
either  active  or  heat  inactivated.   Synthetase  was  quantitated  in  isolated 
nuclei  on  the  basis  of  conversion  of  -*H-NAD  to  an  acid  precipitable  form. 
Glycohydrolase  was  assessed  by  the  conversion  of  labeled  poly(ADPR)  from  an 
acid  precipitable  to  an  acid  soluble  form. 

Major  Findings: 

1.  Hela  cells  are  arrested  in  G£  by  two  compounds  nicotinamide,  5-methyl- 
nicotinamide  (5-NM)  and  picolinic  («P)  acid.   One  of  these  (5-NM)  blocks  the 
formation  of  poly(ADPR)  by  inhibiting  poly(ADPR)  synthetase.   The  other  aP, 
does  not  inhibit  the  synthetase  and  causes  an  elevation  of  poly(ADPR)  in  cells 
conincident  with  G2  arrest.   The  results  with  the  latter  compound  are  not  due 
to  a  direct  effect  of  aP  on  polymer  degrading  enzyme  or  on  total  poly(ADPR) 
synthetase  in  the  cell.   However,  the  synthetase  exists  in  a  partially  cryptic 
state  as  well  as  in  an  active,  exposed  state  on  chromatin.   This  latter  form 
of  the  enzyme  correlates  directly  with  the  increased  concentration  of  cellular 
polymer  levels. 

2.  Like  poly(ADPR)  synthetase  which  forms  the  polymer,  poly(ADPR)  glycohy- 
drolase which  degrades  it,-  exists  in  two  forms  in  nuclei.   One  form  is  readily 
extractable  at  low  ionic  strength  and  the  other  extracts  at  supraphysiological 
ionic  strength.   The  former  enzyme  is  active  and  the  latter  inactive  when 
bound  to  chromatin  but  is  activated  upon  dissociation  from  chromatin.   The 
inactive,  bound  enzyme  and  the  active,  loosely  bound  enzyme  are  probably  the 
same  enzyme  since  their  Kjy[  is  identical  (0.37  yM)  and  they  have  the  same  K^ 
with  cAMP.   The  bound  form  of  the  enzyme  may  be  associated  with  single 
stranded  regions  of  DNA  since  it  is  dissociated  from  chromatin  and  from 
single  stranded  DNA  at  similar  salt  concentrations.   Single  stranded  DNA  is 

a  potent  inhibitor  of  the  glycohydrolase. 

3.  Cells  arrested  with  aP  have  identical  levels  of  total  poly(ADPR)  glyco- 
hydrolase as  unblocked  cells  but  have  3  times  as  much  of  their  glycohydrolase 
in  an  inactive,  chromatin  bound  state.   Thus,  there  is  an  inverse  correlation 
between  active  glycohydrolase  and  cellular  poly(ADPR)  concentrations. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
DNA  replication,  DNA  repair  and  DNA  transcription  all  probably  involve 
alterations  in  the  interaction  of  the  genomic  material  and  the  proteins  with 
which  it  is  associated  in  eukaryotic  cells.   For  this  reason  much  interest 
has  centered  on  the  covalent  attachment  of  polyanionic  chains  of  ADP-ribose 
to  chromosomal  proteins.   Our  current  hypothesis  is  that  polymer  synthesis 
and  turnover  affords  a  mechanism  for  transiently  and  reversibly  altering  the 
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conformation  of  chromatin.   Present  information  suggests  that  active  or 
passive  flexing  of  chromatin  fibers  changes  the  proximity  of  folds  and  this 
facilitates  HI  histone  modification.   This  may  afford  a  "locking"  of  the 
fibers  into  a  particular  conformation.   The  lifetime  of  this  conformational 
"lock"  may  be  controlled  by  the  amount  of  time  the  glycohydrolase  is  prevented 
from  hydrolyzing  polymer  from  HI.   One  mechanism  for  limiting  glycohydrolase 
action  seems  to  be  by  titrating  the  enzyme  onto  special  chromatin  regions 
(possibly  single  stranded  DNA  regions)  where  the  enzyme  becomes  inactive. 

Proposed  Course  of  Research:   Future  work  will  concern  the  assessment 
of  chromosomal  protein  modification  and  its  reversal  by  the  synthetase  and 
glycohydrolase,  respectively,  in  various  cellular  physiological  states. 
Attempts  will  be  made  to  correlate  the  rates  of  polymer  synthesis  and 
turnover  with  that  of  NAD,  the  polymer  precursor,  to  evaluate  regulatory 
points  other  than  changes  in  synthetase,  or  glycohydrolase  activities  or 
changes  in  chromatin  conformations. 

Publications : 

1.  Kidwell,  W.R. ,  Stone,  P.R.  and  Johnson,  G.S.:   Poly(ADP-Ribose)  synthesis 
and  chromatin  structure.   In  Sugimura,  T.  and  Smulson,  M.  (Eds.): 
Conference  on  Novel  ADP-ribosylations  of  Regulatory  Enzymes  and 
Proteins.   Elsevier  Press,  Inc.   In  press. 

2.  Stone,  P.R.  and  Kidwell,  W.R.   Formation  of  an  AMP-Protein  complex 
in  Hela  cells.   Biochem.  Biophys.  Res.  Commun.   92:   716-724,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Arrest  of  tumor  growth  in  vivo  depends  upon  (i)  the  structural  integrity  of 
the  cAMP  receptor  protein  and  (ii)  the  optimum' cellular  concentration  of 
cAMP.   Arginine  +  DBcAMP  (at  a  low  dose)  acted  synergistically  to  enhance 
the  growth  inhibitory  effect.   DBcAMP  may  act  intracellularly  to  induce 
cAMP  receptor  protein,  whereas  arginine  appears  to  act  by  increasing  the 
cellular  cAMP  level  via  NAD-dependent  activation  of  adenylate  cyclase 
at  cell  membrane. 
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Methods  Employed: 

i.  Tumors:   Primary,  7,12-dimethylbenz(ct  )anthracene  (DMBA)-induced  and 

N-nitrosomethylurea  (NMU)-induced  mammary  carcinomas,  and  transplantable 
DMBA  #1,  MT13762,  MTW9A,  and  MTW9  mammary  carcinomas  were  used. 

Human  breast  cancer  cells  (MCF-7  cells):   obtained  one  day  after  seeding 
from  Mason  Research  Institute,  Rockville,  Md. ,  grown  in  McCoys  5A  medium 
with  supplements  of  10%  calf  serum,  insulin  (10  g/ml),  penicillin 
100  U/ml,  and  strepsomycin  100  pg/ml. 

ii.  DBcAMP  and  arginine  treatments:   DBcAMP  0.5  /vL0  mg  +  5  ^50  mg  L-arginine 
.HC1/0.2  ml  0.85%  NaCl/200  g  rat,  s.c.  1  day 
DBcAMP  10~6  M  ^10~4  M  +  L-arginine. HC1  10_iM  ^  5xl0~3  M  to  cell  culture. 

iii.  cAMP-binding  assay:   a)  Standard  assay:   cAMP-binding  activity  was 
measured  by  the  competition  assay  of  Gilman  at  pH  4.5  or  6.5   b) 
Total  binding  assay:   the  competition  assay  of  Gilman  was  performed  at 
23°  for  3  hr  (3H  cAMP-binding  to  proteins  includes  not  only  free  sites 
but  also  endogenously  bound  sites  by  the  exchange). 

iv.  Estrogen  binding  assay:   dextran-coated  charcoal  method. 

v.  Protein  kinase  assay:   The  activity  was  determined  by  measurement  of 
the  incorporation  of  33P  from  Y-labelled  ATP  into  histone  +  cAMP. 

vi.  ADP-ribosyl  transferase  assay:   The  transfer  of  [adenine-^C]  from 
[adenine-^C]NAD  to  the  acceptor  proteins  in  the  membranes  as  TCA- 
precipitable  material  was  determined  in  the  presence  of  GTP  and  soluble 
fraction  (105,000  X  g,  supernatant):   the  soluble  fraction  contained 
the  transferase  activity  as  comparable  to  that  of  cholera  toxin. 

vii.  NAD-dependent  activation  of  adenylate  cyclase:   The  same  incubation 
conditions  as  ADP-ribosyl  transferase  assay  was  used  except  that 
[ adenine- ^C] NAD  was  replaced  by  NAD.   After  the  incubation  the  washed 
membranes  were  assayed  for  adenylate  cyclase  by  the  method  of  Krishna 
et  al. 

Major  Findings: 
I.   Mechanism  of  cAMP-mediated  Regression  of  Mammary  Tumors. 

A  working  hypothesis  is  presented  to  elucidate  the  action  of  cAMP 
in  the  regulation  of  tumor  growth  _in  vivo.   The  formation  and  nuclear  trans- 
location of  a  complex  consisting  of  cAMP  +  receptor  (binding  protein)  + 
catalytic  unit  of  protein  kinase,  are  shown  to  be  the  indispensable  events 
for  triggering  regression  of  hormone-dependent  mammary  tumors.   If  the 
integrity  of  the  cAMP  receptor  molecule  is  not  preserved  and  the  cAMP 
concentration  is  not  physiological,  the  above  processes  do  not  occur  and 
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tumors  remain  hormone-unresponsive.   It  is  therefore  postulated  that  arrest 
of  tumor  growth  _in  vivo  depends  upon  1)  the  structural  integrity  of  the  cAMP 
receptor  protein  and  2)  the  optimum  cellular  concentration  of  cAMP,  which 
make  possible  the  formation  and  nuclear  translocation  of  the  cAMP  receptor 
complex. 

The  cAMP  receptor  protein  which  can  penetrate  into  the  nucleus  must  have 
two  functional  domains;  one  for  cAMP  binding  and  the  other  for  an  interaction 
with  the  catalytic  subunit  of  protein  kinase.   Moreover,  it  is  the  phosphory- 
lated  receptor,  rather  than  dephosphorylated  form  that  penetrates  the  nucleus. 
The  cAMP  receptor  protein  of  hormone-independent  mammary  tumors,  such  as  DMBA 
#1  and  MT13762,  is  deficient  in  its  ability  to  be  phosphorylated  and  to  inter- 
act with  the  catalytic  subunit  of  protein  kinase  and,  therefore  is  incapable 
of  migrating  into  the  nucleus. 

The  penetration  of  the  receptor  complex  into  the  nculeus  is  maximal  at  a 
physiological  level  of  cAMP  (^10-^M)  and  minimal  at  both  sub-  and  supra- 
physiological  levels,  suggesting  that  the  translocation  of  the  cAMP  receptor 
complex  to  the  nucleus  is  a  property  of  differentiated  cells  that  stop  pro- 
liferating.  Similarly,  the  hormone-dependent  mammary  tumors  which  retain  the 
property  of  differentiated  cells,  i.e.,  "hormone-dependency",  are  able   to 
undergo  regression  with  the  proper  cAMP  stimulation. 

II.   L-Arginine  and  DBcAMP  Synergistically  Inhibit  Growth  of  Rat  Mammary 
Tumors  in  vivo  and  Human  Breast  Cancer  Cells  (MCT-7)  in  vitro. 

Growth  of  DMBA  tumors  is  arrested  by  DBcAMP  treatment  (10-  mg/day/200  g 
rat  s.c).   This  growth  inhibitiory  effect  was  greatly  enhanced  by  L-arginine. 
Following  treatment  with  l/10th  the  dose  of  DBcAMP  +  L-arginine. HC1  (50 
mg/200  g  rat,  s.c),  tumors  regressed  to  50%  of  their  initial  size  within  1 
week  and  many  tumors  regressed  completely  after  2  weeks.   The  same  response 
to  arginine  +  DBcAMP  treatment  was  observed  with  other  hormone-dependent 
mammary  tumor,  MTW9,  but  not  with  hormone-independent  tumors,  DMBA  #1  and 
MT13762.   The  synergistic  effect  of  arginine  and  DBcAMP  was  dose-dependent 
and  upon  cessation  of  treatment,  tumors  resumed  growth.   Arginine  (0.1  mg/ml) 
and  DBcAMP  (10~"  M)  also  synergistically  inhibited  the  growth  of  human  breast 
cancer  cells,  MCF-7,  in  vitro.   Cell  replication  decreased  to  40%  and  20%  of 
that  of  untreated  cells  on  day  2  and  3,  respectively,  after  arginine  +  DBcAMP 
treatment. 

The  synergistic  growth  inhibitory  effect  of  DBcAMP  and  arginine  was 
also  observed  when  the  arginine  analogue,  arginine  methyl  ester,  was  substi- 
tuted at  a  dose  of  10  mg/200  g  rat,  s.c. /day.  However,  when  other  amino  acids 
such  as  lysine  or  serine,  were  combined  with  DBcAMP,  growth  inhibition  was 
not  enhanced,  although  a  50%  decrease  in  the  tumor  growth  rate  was  observed 
with  lysine  alone.   These  results  suggest  that  arginine  may  be  specifically 
involved  in  the  cAMP-mediated  growth  inhibition  of  mammary  tumors. 
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III.  Arginine  Treatment  in  vivo  Increases  Cellular  cAMP  Content  Via 
NAD-dependent  Activation  of  Adenylate  Cyclase  in  DMBA  Tumors. 

The  role  of  arginine  in  cAMP-mediated  growth  inhibition  was  assessed  by 
measuring  the  level  of  cAMP  and  the  activities  of  adenylate  cyclase  and 
cAMP-phosphodiesterase  in  tumors  during  arginine  treatment  of  the  host.  With- 
in 1  day  following  the  initial  arginine  injection,  the  cAMP  content  of  tumors 
increased  6-fold,  and  remained  high  (2-fold  over  the  control  value).   The 
increase  in  cAMP  content  followed  a  sharp  increase  in  adenylate  cyclase 
activity  of  the  tumors.   A  2-fold  increase  in  cAMP-phosphodiesterase  activity 
also  occurred  within  1  day  post-injection. 

The  involvement  of  arginine  in  the  NAD-dependent  activation  of  adenylate 
cyclase  has  been  demonstrated  in  vitro.  Whether  increase  of  adenylate  cyclase 
activity  found  in  the  tumors  during  arginine  treatment  _in  vivo  correlated 
with  the  NAD-dependent  activation  of  adenylate  cyclase  was  examined.   The 
soluble  fraction  (105,000  X  g  supernatant,  S3)  from  DMBA  tumors  plus  GTP 
enhanced  the  incorporation  of  [adenine-^4C]  from  [adenine-^^C]NAD  into  the 
tumor  membranes  as  trichloro-acetic  acid  precipitble  protein  (ADP-ribosyl 
protein).   A  similar  degree  of  ADP-ribosylation  of  the  tumor  membranes  was 
achieved  by  cholera  toxin  +  GTP  and  both  the  S3  and  cholera  toxin  similarly 
activated  adenylate  cyclase  in  the  membrane  in  NAD-dependent  manner.   Thus, 
DMBA  tumor  S3  contains  the  ADP-ribosyl  transferase  activity  just  as  the 
cholera  toxin. 

Within  3  h  post  arginine  methyl  ester  treatment  in  vivo,  a  parallel  in- 
crease (  3-fold)  in  the  NAD-dependent  ADP-ribosylation  of  the  membrane 
proteins  and  adenylate  cyclase  activation  occurred  in  the  tumors.   These 
increased  activities  were  strongly  inhibited  by  arginine  methyl  ester  added 
to  the  incubation  medium.   It  has  been  shown  that  when  arginine  methyl  ester 
inhibits  the  transfer  of  ADP-ribose  from  NAD  to  the  acceptor  protein,  at  the 
same  time,  it  stimulates  nicotinamide  release  from  NAD  by  acting  as  an 
alternative  acceptor  and  this  was  found  to  be  true  in  the  ADP-ribosylation 
of  the  tumor  membrane  proteins.  Thus  the  ADP  -ribose-acceptor  proteins  in 
the  tumor  membrane  may  contain  an  arginine  moiety  with  which  the  transferase 
interacts  as  suggested  in  other  systems.   It  is  then  conceivable  that  the 
increase  of  the  ADP-ribosylation  and  adenylate  cyclase  activity  following 
arginine  methyl  ester  treatment  _in  vivo,  may  be  the  result  of  an  increase 
of  ADP-ribose-acceptor  protein  in  the  membrane.   Indirect  experiments 
suggested  that  this  maybe  true.   The  mechanism  by  which  arginine  treatment 
in  vivo  increases  ADP-ribose-acceptor  proteins  in  the  membrane  needs  future 
experimentation. 

IV.  Synergistic  Effect  of  Arginine  and  DBcAMP  on  Estrogen-  and  cAMP-binding 
and  Protein  Kinase  Activities  in  DMBA  Tumors. 

Arginine  treatment  (3  days)  _in  vivo  resulted  in  a  2-fold  increase  of 
cAMP-binding  in  the  tumor  cytosol  and  arginine  +  DBcAMP  (1  mg/200  g  rat 
s.c./day)  further  increased  cAMP-binding  3-fold  over  the  control  value.   The 
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increase  of  cAMP-binding  in  the  tumor  cytosol  was  inversely  related  to  the 
change  in  estrogen-binding  which  decreased  by  40%  during  the  arginine  treat- 
ment.  Thus  arginine  appeared  to  have  the  same  effects  on  cAMP-  and  estrogen- 
binding  activities  as  found  during  tumor  regression  due  to  ovariectomy  or 
DBcAMP  treatment.   Arginine  treatment  also  resulted  in  a  2-fold  increase  in 
protein  kinase  activity  in  the  presence  of  cAMP  but  it  did  not  affect  the 
kinase  activity  in  the  absence  of  cAMP.   When  arginine  was  injected  together 
with  the  low  dose  of  DBcAMP  (1  mg),  protein  kinase  activity  further  increased 
(3-fold  over  the  control  value)  in  the  presence  of  cAMP  but  no  appreciable 
change  in  the  kinase  activity  was  observed  in  the  absence  of  cAMP.   This  is 
in  contrast  to  the  effect  of  the  high  dose  of  DBcAMP  (10  mg/200  g  rat  s.c./ 
day)  which  produced  an  increase  in  protein  kinase  activity  both  in  the 
presence  and  absence  of  cAMP.   Thus  it  appears  that  arginine  increases  cAMP- 
dependent  protein  kinase  in  its  inactive  form  (holoenzyme,  RC),  whereas 
DBcAMP  at  a  high  dose  (10  mg)  increases  cAMP-dependent  protein  kinase  in 
its  active  form  (C). 

Significance  to  Cancer  Research  and  the  Program  of  the  Institute:   (NCP 
Objective  #6,  Approach  #3).   These  studies  contribute  to  the  understanding 
of  the  molecular  mechanism  of  cAMP-induced  tumor  regression.   Our  studies 
showed  that  the  nuclear  translocation  of  cAMP  receptor  complex  is  the  trigger- 
ing event  for  mammary  tumor  regression.   This  translocation  depends  upon  the 
integral  cAMP  receptor  molecule  and  proper  concentration  (a  physiologic)  of 
cellular  cAMP.   DBcAMP  (at  a  low  dose)  +  arginine  acted  synergistically  to 
enhance  the  growth  inhibitiory  effect.   DBcAMP  appears  to  induce  cAMP  recep- 
tor molecule  intracellularly ,  whereas  arginine  increases  cellular  cAMP  level 
via  stimulating  NAD-dependent  activation  of  adenylate  cyclase  at  cell 
membrane. 

Proposed  Course  of  Research:   To  extend  the  investigation  on  the 
mechanism  of  cAMP  action  on  growth  control,  the  following  proposal  is  made: 
1).   Identify  the  structural  defect  of  cAMP  receptor  proteins  in  tumors 

unresponsive  to  DBcAMP  treatment  using  2-Dimension  gels. 
2).   Characterize  cAMP-receptor  complex  that  enters  nucleus  at  the  molecular 

level. 
3).   Assess  the  function  of  cAMP  receptor  protein  in  the  nuclei  in  relation 

to  gene  modulation  and  growth  regulation. 
4).   Characterize  ADP-ribose-acceptor  proteins  in  the  membranes. 
5).   Asssess  the  mechanism  by  which  arginine  stimulates  NAD-dependent 

activation  of  adenylate  cyclase  in  vivo. 

Publications: 

1.  Cho-Chung,  Y.S.,  Archibald,  D.  and  Clair,  T.   Cyclic  AmP  receptor 
triggers  nuclear  protein  phosphorylation  in  a  hormone-dependent  mammary 
tumor  cell-free  system.   Science  205:  1390-1392,  1979. 

2.  Cho-Chung,  Y.S.   On  the  mechanism  of  cyclic  AMP-mediated  growth  arrest 

of  solid  tumors.   In  Hamet,  P.  and  Sands,  H.  (Eds.):  Adv.  Cyc  lie  Nucleo- 
tide Res.   New  York,  Raven  Press,  1980,  vol.  12,  in  press. 
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Cho-Chung,  Y.S.   Cyclic  AMP  and  mammary  tumor  regression.   Cellular 
and  Molecular  Biol.    In  press. 
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Alterations  of  the  hormone-receptors   orf  or  within  cells  will  modify  the 
response  of  target  tissues  to  various  hormones  and  thus  serve  to  control 
cellular  growth  or  function.   We  have  shown  that  the  number  of  detectable 
prolactin  receptors  is  controlled  in  vivo  by  the  circulating  levels  of 
prolactin  or  growth  hormone  by  a  positive  feedback  mechanism.   Inhibition 
of  in  vivo  prostaglandin  (PG)  synthesis  by  either  enzymatic  blockade  or 
precursor  depletion  results  in  a  loss  of  existing  PRL  receptors  and  prevents 
their  induction  by  PRL.   As  membrane  fluidity  increases  in  a  variety  of 
hormonal  or  dietary  states,  the  number  of  PRL  receptors  also  increases. 
This  has  been  shown  in  vitro  to  be  controlled  by  PGI2  with  the  maximal 
effect  at  10~7M.   It  has  also  been  demonstrated  that  PRL  alters  PG  synthesis 
in  vivo.   These  data  suggest  that  PRL  up-regulates  its  own  receptor  by 
modifying  target  membrane  fluidity  and  that  this  may  occur  through 
modification  of  prostaglandin  synthesis. 
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Project  Description: 

Objectives:   Reproduce  and  study  in  vitro,  the  hormone-dependent 
regression  process  of  mammary  tumors  rn  vivo. 

Methods  Employed:   Snell  dwarf  mice  are  autosomal  recessive  mutants 
whose  circulating  levels  of  growth  hormone  and  prolactin  are  much  lower  than 
their  phenotypically  normal  litter  mates.   These  animals,  consequently, 
attain  only  1/4  of  the  normal  weight. 

A  radioreceptor  assay  for  prolactin  and  growth  hormone  receptors  is 
used  to  determine  the  ability  of  cell  membranes  to  bind  these  polypeptide 
hormones. 

Assay  techniques  for  prostaglandin  E  and  F2a  have  been  devised  con- 
sisting of  extraction  from  incubation  buffers  by  organic  solvents,  silicic 
acid  double  column  chromatography,  and  specific  radioimmunoassay. 

Cell  membrane  fluidity  was  determined  by  fluorescence  polarization. 
This  was  accomplished  by  measuring  the  ease  of  rotation  of  the  fluorescent 
lipid  probe  diphenylhexatrine  (DPH),  that  had  been  inserted  into  the 
membranes  in  vitro.   The  polarization  constant  was  then  translated 
mathematically  into  viscosity. 

Major  Findings:   PRL  receptors  can  be  induced  in  the  rodent  liver  by 
in  vivo  injections  of  either  purified  bGH  or  bPRL.   GH  was  shown  to  induce 
but  not  to  bind  to  the  receptor  whereas  PRL  did  both.   These  studies,  plus 
the  observation  that  induction  occurred  even  if  protein  synthesis  had  been 
blocked,  indicated  that  the  induction  was  being  achieved  by  exposing  or 
altering  receptor  in  such  a  way  that  its  binding  site  was  made  available  to 
PRL.   Increases  in  the  number  of  PRL  binding  sites  could  also  be  achieved  by 
direct  alteration  of  the  phospholipid  bilayer.   This  was  accomplished  both 
in  vitro  and  in  vivo.   The  PRL  binding  capacity  increased  by  60%  when  hepato- 
cytes  were  incubated  with  either  phospholipase  A2  or  lysolecithin  but 
decreased  by  60%  when  C3H  mice  were  depleted  of  essential  fatty  acids  by 
dietary  means,  a  loss  that  could  not  be  reversed  by  treatment  with  exogenous 
PRL.  Blockade  of  prostaglandin  synthesis  by  _in  vivo  treatment  with  indometha- 
cin  also  reduced  existing  hepatic-PRL  receptors  in  a  dose-responsive  fashion. 
This  receptor  loss  could  not  be  overcome  by  exogenous  PRL  injections. 

Modification  of  the  prolactin  receptor  could  therefore  be  achieved  by 
changes  in  the  character  of  the  lipid  bilayer  of  target  membranes,  an  effect 
that  seemed  related  to  both  the  presence  of  prostaglandins  and  the  status  of 
the  lipid  bilayer  in  which  the  receptors  are  considered  to  float.   Since 
prolactin  induces  its  own  receptor  in  vivo,  studies  were  undertaken  to 
determine  if  this  could  be  a  result  of  changes  in  membrane  fluidity  with 
concommitant  exposure  of  preexisting  receptors.   Hypophysectomized  rats 
were  injected  with  graded  doses  of  0,  0.5,  5,  and  50  pg  oPRL  s.c.  hourly 
for  the  48  hours  prior  to  sacrifice.   Microsomal  membranes  prepared  from 
the  livers  of  these  animals  were  investigated  to  determine  their 
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lipid/cholesterol  ratio  and  viscosity.   A  biphasic  dose-response  was  observed 
in  both  parameters.   P/C  values  at  4.7,  5.0,  4.6  and  3.9  were  obtained  for 
the  0,  0.5,  5,  and  50  yg  oPRL  groups,  respectively,  with  the  maximal  and  mini- 
mal values  differing  significantly  from  controls.   The  corresponding  values  of 
fluorescence  polarization,  being  proportional  to  viscosity,  also  varied  in  a 
varied  in  a  biphasic  manner  yielding  values  of  0.230,  0.206,  0.236  and  0.257, 
significance  again  occurring  within  the  0.5  and  50  ug  oPRL  groups.   Binding  of 
oPRL  occurred  only  in  the  most  fluid  group,  i.e.,  those  treated  with  0.5  g 
oPRL  which  provided  near-physiologic  levels  of  oPRL.   These  data  indicated 
that  prolactin  will  modify  the  viscosity  of  hepatic  membranes  _in  vivo  and  that 
this  phenomenon  might  be  responsible  for  the  auto-regulation  of  detectable 
oPRL  receptors. 

Additional  studies  were  performed  to  determine  if  prostaglandins  could 
alter  the  fluidity  of  hepatic  membranes  and  subsequently  modify  their  ability 
to  bind  prolactin.   Mouse  liver  homogenates  were  incubated  with  graded 
concentrations  of  prostaglandins  A^,  A2,  B^,  Fi  ,  F2a,  6-Keto  Fj  ,  E^,  E2, 
TXB2  and  I2  for  30  min  at  29°C.   Only  the  membranes  treated  with  PGI2  showed  a 
decrease  in  viscosity,  with  a  maximum  effect  of  60%  at  10~'M  with  higher 
concentrations  increasing  the  viscosity  back  to  control  levels.   This 
viscosity  change  was  maximal  after  30  min  incubation  and  reflected  an  increase 
in  the  number  of  receptor  sites  as  determined  by  Scatchard  analyses.   On  the 
contrary,  when  mice  were  depleted  of  the  prostaglandin  precursors  by  placing 
them  on  diets  devoid  of  the  essential  fatty  acids,  the  viscosity  of  the 
hepatic  membranes  increased  with  the  concommitant  decrease  in  the  number  of 
prolactin  receptors. 

It  appears,  therefore,  that  modification  of  hepatic  microsomal  membranes 
by  either  the  removal  of  prostaglandin  precursors  or  their  supplementation 
with  PGI2  induces  either  an  increase  or  a  decrease,  respectively,  in  the 
membrane  microviscosity.   These  data  suggest  that  specific  prostaglandins  may 
modulate  the  number  of  prolactin  receptors  in  vivo  and  that  this  may  occur  by 
modifying  the  fluidity  of  the  lipid  bilayer  and  the  subsequent  ease  with  which 
the  receptors  move  within  that  matrix. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Demonstration  that  prolactin  receptors  are  induced  by  growth  hormone  indicates 
that  this  hormone  may  play  an  important  role  in  the  responsiveness  of  mammary 
carcinoma  to  hormonal  stimuli.   The  fact  that  changes  in  membrane  fluidity 
are  induced  by  prolactin  may  help  to  explain  the  mechanism  by  which  prolactin 
induces  its  own  receptor.   The  requirement  for  essential  fatty  acids  and 
prostaglandins  to  modulate  the  prolactin  receptors  indicates  that  the  lipid 
stores  play  an  important  role  in  maintaining  the  responsivity  of  target 
tissues  to  circulating  hormones.   These  studies  support  and  explain,  in  part, 
the  demographic  correlation  of  mammary  carcinoma  with  high  dietary  fat 
intake  throughout  the  world. 

Proposed  Course  of  Research:   The  role  of  prostaglandins  in  the  induction 
of  the  prolactin  receptor  and  prolactin  action  will  continue  to  be  studied 
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in  vivo  and  in  vitro.   The  role  of  prostaglandins  in  the  development  of  the 
mammary  gland  will  also  continue  to  be  studied. 

Publications: 

1.  Knazek,  R.A.  and  Liu,  S.C.   Dietary  essential  fatty  acids  are  required 
for  maintenance  and  induction  of  prolactin  receptors.   Proc.  Soc.  Exptl. 
Biol.  Med.  162:   346-350,  1979. 

2.  Knazek,  R.A.  ,  Liu,  S.C,  Bodwin,  J.S.  and  Vonderhaar,  B.K.   Requirement 
of  essential  fatty  acids  in  the  diet  for  development  of  the  mouse  mammary 
gland.   J.  Natl.  Cancer  Inst.  64:   377-382,  1980. 

3.  Nissley,  S.P.,  Knazek,  R.A.  and  Wolff,  G.L.   Somatomedin  activity  in  sera 
of  genetically  small  mice.   Hormone  and  Metab.  Res.   In  press. 

4.  Knazek,  R.A. ,  Watson,  K. ,  Lim,  M. ,  Cannazzaro,  A.,  Christy,  R.J.  and 
Liu,  S.C.   Prostaglandin  synthesis  by  murine  mammary  gland  is  modified 
by  the  stage  of  estrus  cycle.   Prostaglandins.   In  press. 

5.  Knazek,  R.A.  and  Liu,  S.C.   The  effects  of  dietary  essential  fatty  acids 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  artificial  capillary  culture  technique  provides  a  pericellular  microenviron- 
ment  that  closely  resembles  the  _in  vivo  state.   This  may  allow  normal  cells   to 
maintain  their  differentiated  functions  for  prolonged  periods  of  time  _in  vitro. 
Cells  are  maintained  in  a  physiologic  state  without  many  of  the  artifactual  con- 
ditions imposed  by  more  standard  methods  of  tissue  culture.   The  technique  is, 
therefore,  especially  well  suited  for  the  culture  of  cells  both  of  endocrine 
origin  and  their  target  cells.   Response  of  cells  to  various  hormones  and  their 
culture  over  long  periods  have  been  achieved  thus  making  the  techniques  useful 
for  continuous  production  of  hormones  for  both  laboratory  and  clinical  uses. 
Modifications  have  been  made  to  the  basic  design.   These  permit  study  of 
nutrient  and  product  transport  through  the  tissues  formed  in  the  intercapillary 
spaces,  the  effect  of  lymphatic-type  drainage  upon  cell  function,  and  effects 
of  a  physiologic  collagen  sub-stratum  upon  cell  growth. 
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Project  Description: 

Objectives:   A  method  is  being  developed  for  studying  hormonally  respon- 
sive tissues  in  vitro.   Both  mammary  and  ovarian  tissues  are  target  organs 
that  are  being  used  to  determine  the  mechanism  of  action  of  prolactin. 

Methods  Employed:   A  bundle  of  tube-shaped  semi-permeable  membranes  per- 
fused with  tissue  culture  medium,  simulates  the  in   vivo  capillary  bed.   Isola- 
ted cells  or  tissue  masses  injected  into  the  extracapillary  space  receive 
nutrients  and  have  cell  products  removed  by  diffusion  through  the  capillary 
walls.   In  this  nearly  physiologic  environment,  established  cell  lines  form 
solid  masses  of  tumor  while  primary  tissue  explants  continue  to  function 
in  a  normal  manner,  in  some  cases,  for  several  months. 

Major  Findings:   The  standard  artificial  capillary  culture  unit,  which 
was  developed  in  this  laboratory,  has  previously  been  shown  to  provide  a 
nutrient  matrix  which  permits  established  cells  to  grow  and  form  solid  tumor 
masses  in  vitro.   Secretory  cells  have  retained  their  function  in  such  a 
system  for  several  months.   Modification  of  the  recirculating  perfusion  medium 
into  a  single  pass  mode  of  operation  has  demonstrated  its  value  in  studying  the 
response  of  cell  masses  to  physiologic  hormones  and  chemotherapeutic  agents. 

Two  separate  capillary  bundles  were  woven  together  and  placed  in  a 
plastic  shell  fitted  with  Y  connectors  at  each  end.   This  provided  matrices 
that  were  simultaneously  intimately  intertwined  but  still  distinctly  separate. 
Operation  of  the  same  or  different  hydrostatic  pressures  in  co-current  or 
counter-current  perfusion  modes  permitted  study  of  transport  of  solutes 
by  diffusion  or  bulk,  flow  through  tissues  grown  with  this  braided  network. 

Addition  of  a  porous  membrane  sheet  to  encase  the  bundle  kept  the 
capillaries  in  closer  proximity  and  provide  a  more  effective  perfusion  bed. 
Egress  of  motile  cells  and  cell  products  otherwise  too  large  for  diffusion 
through  the  capillary  wall  was  then  possible  by  tapping  the  space  between 
the  envelope  and  outer  plastic  shell.   Such  modifications  simulate  the 
in  vivo  state  of  lymphatic  drainage. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  characteristics  of  the  capillary  culture  unit  enable  rapid  responses  to 
both  stimuli  and  inhibitors  of  cell  function  to  be  studied  in  a  nearly 
physiologic  rn  vitro  environment.   This  work  has  demonstrated  that  convec- 
tion as  well  as  diffusion  of  cell  nutrients  and  products  plays  a  role  in 
the  transport  of  various  substances  within  tumors.   This  may  be  of  assistance 
in  pharmacokinetic  modeling  and  in  understanding  and  improving  the  transport 
of  both  physiologic  and  pharmacologic  agents  within  solid  tumors. 

Proposed  Course  of  Research:   Both  ovarian  and  mammary  tissues  will  be 
studied  within  the  artificial  capillary  culture  unit  in  conjunction  with  our 
efforts  to  study  the  growth  and  regression  of  hormonally-responsive  tumors 
in  vitro.   Prostaglandin  synthesis  by  these  tissues  will  be  determined  in 
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response  to  prolactin  and  steroid  stimulation.   The  ductal  and  alveolar 
structures  of  the  rat  mammary  gland  will  be  cultured  on  artificial  capillaries 
coated  with  various  types  of  collagen  in  an  attempt  to  culture  normal  mammary 
tissue  in  a  three  dimensional  structure  and  thus  provide  an  in  vitro  model 
that  more  accurately  reflects  the  rn  vivo  state  for  the  study  of  mammary  gland 
growth  and  tumor  regression. 


Publications: 


1.  Knazek,  R.A. ,  Gullino,  P.M.  and  Frankel,  D.S.  Dual  circuit  woven 
artificial  capillary  bundles  for  cell  culture:  #1.   (U.S.  Patent  #4,184, 
922),  January  22,  1980. 

2.  Knazek,  R.A. ,  Gullino,  P.M.  and  Frankel,  D.S.  Dual  circuit  woven 
artificial  capillary  bundles  for  cell  culture:  #2.   (U.S.  Patent  #4,200, 
689),  April  29,  1980. 

3.  Knazek,  R.A. ,  Gullino,  P.M.  and  Frankel,  D.S.  Dual  circuit  woven 
artificial  capillary  bundles  for  cell  culture:  #3.   (U.S.  Patent  Pending 
#937,761),  August  29,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

To  characterize  the  behavior  of  ribosomal  particles  in  a  non-growing  cell 
population  in  which  the  rate  of  protein  synthesis  is  maintained  at  low  levels; 
to  correlate  such  behavior  with  the  limitation  in  protein  synthesis  so  as  to 
understand  the  mode  of  translational  control  employed  by  the  cell  in  adjusting 
protein  synthesis  to  growth  and  metabolic  activities;  to  determine  the  regula- 
tory steps  which  are  operative  in  the  enhancement  of  protein  synthesis  associa- 
ted with  the  onset  of  cell  growth;  to  relate  modifications  of  the  cell  membrane 


with  biochemical  alterations  regulating  nuclear  and  cytoplasmic  functions  as 
they  participate  in  control  of  cell  proliferation;  to  detect  and  characterize 
the  biochemical  steps  which  control  protein  synthesis  during  the  physiological 
cessation  of  cell  growth  and  division. 
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Project  Description: 

Primary  interest  remains  focussed  on  the  question  of  what  control 
mechanisms  maintain  normal  human  peripheral  lymphocytes  in  a  resting  state, 
characterized  by  low  levels  of  protein  synthesis  and  restricted  participation 
of  ribosomal  particles  in  translation.   Previous  studies  have  identified  two 
sites  in  the  translation  initiation  sequence  as  potential  regulatory  sites: 
a)  the  dissociation  of  80S  free  (inactive)  ribosomes  to  native  subunits, 
which  is  an  obligatory  first  stp  in  translation;  and  b)  the  entry  of  native 
ribosomal  subunits  into  the  subsequent  phases  of  initiation  leading  to 
formation  of  active  polysomes. 

Methods  Employed:   Studies  were  performed  on  human  peripheral  lympho- 
cytes, purified  from  heparinized  venous  blood  of  normal  donors  by  combined 
nylon  column  adsorption  and  density  separation  in  Ficoll-isopake.   RNAs 
were  prepared  by  phenol  extraction  and  density  grdient  fractionation.   Trans- 
fer RNAs  were  separated  by  benzoylated-DEAE  column  chromatography  and  amino- 
acylated  with  either  commercial  E_.  coli  aminoacylsynthetase  or  rat-liver 
synthetase  prepared  in  our  laboratory. 

Protein  synthesis  rates  were  estimated  by  incorporation  of  acid- 
insoluble  radioactivity  from  [-'H]leucine  added  for  pulse  periods.   DNA  was 
quantitated  by  the  Burton  procedure. 

Two  dimensional  gel  analysis  of  proteins  was  performed  by  a  modification 
of  O'Farrell's  technique  with  Coomassie-blue  staining  for  total  proteins  and 
fluorography  for  [3H]=labeled  newly  synthesized  proteins. 

Interferon  preparations  were:   1)  an  impure  preparation  of  lympho- 
blastoid  interferon  from  Burroughs-Wellcome  (sp.  act.  1.5  x  10^  U/mg 
protein)  and  2)  a  partially  purified  preparation  given  by  Dr.  E.  Knight 
(E.I.  Dupont)  of  human  fibroblast  interferon  (sp.  act.  10'  U/mg  protein). 

Major  Findings:   A  study  is  nearing  completion  on  the  possible  role  of 
initiation  methionyl-tRNA  (tRNA^81-)  in  the  regulation  of  the  formation  of 
initiation  complexes,  and  hence  of  protein  synthesis,  during  lymphocyte 
activation.   This  study  was  indicated  by  the  fact  that  tRNA.,111   is  an 
absolute  requirement  for  initiation  and  that  no  studies  of  its  possible 
regulatory  role  in  protein  synthesis  in  intact  normal  human  cells  have 
appeared. 

Quantitation  of  tRNAtmet  was  performed  on  total  tRNA  purified  from 
lymphocytes  at  various  stages  of  stimulation  of  protein  synthesis.  Methionine 
accepting  activity  was  measured  using  E.  coli  aminoacylsynthetase.   This 
bacterial  enzyme  will  only  acylate  tRNA~7nret— among  all  eukaryotic  tRNAs, 
thus  permitting  accurate  estimation  of  tRNA^1316  content.   This  reported 
characteristic  of  the  enzyme  was  confirmed  for  human  lymphocyte  tRNA,  and 
the  assay  system  was  optimized. 
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It  was  found  that  the  rate  of  protein  synthesis  in  lymphocytes  shows 
a  clear  but  non-linear  correlation  with  the  total  tRNA^1116   content  per 
cell.   However,  a  nearly  similar  correlation  was  found  for  total  tRNA, 
i.e. -the  proportion  of  tRNA.m   among  all  tRNAs  remained  almost  constant 
at  all  rates  of  protein  synthesis,  showing  only  a  very  slight   (but 
statistically  significant  .029>P>.01)  rise  during  growth  stimulation. 
These  observations  are  consistent  with,  but  do  not  prove,  the  possibility 
that  the  concentration  of  tRNA.met  may  regulate  the  rate  of  protein 
synthesis.   They  do,  however,  eliminate  the  possibility  that  a  specific 
mechanism  exists  for  modifying  the  level  of  tRNA^met  independent  of  all 
other  tRNAs. 

The  possibility  that  the  degree  of  methionylated  versus  uncharged 
tRNA.met  ("charging  ratio")  was  important  in  determining  the  rate  of 
protein  synthesis  was  explored  by  two  techniques.   The  first  was 
developed  by  us,  and  utilizes  the  difference  in  rates  of  addition  of 
[   S]methionine  to  charged  versus  uncharged  tRNAimet.   By  this  technique 
we  found  that  85-90%  of  all  tRNA^*21-  is  charged  in  both  resting  and 
growing  lymphocytes,  making  it  highly  unlikely  that  charging  ratio  for 
tRNA.met  regulates  protein  synthesis  in  lymphocytes.   Similar  results  were 
obtained  by  the  periodate  oxidation  method,  which  is  standard  in  the 
literature. 

Finally,  we  asked  whether  the  distribution  of  available  tRNA.me   among 
different  subcellular  compartments  differed  at  various  rates  of  protein 
synthesis.   We  found  that,  although  the  absolute  quantities  in  each  compart- 
ment changed  in  accordance  with  the  increase  in  total  tRNA^me  ,  the  propor- 
tions found  in  postribosomal  supernatant,  40S  ribosomal  subunits  and  80S 
monosomes  were  the  same  regardless  of  protein  synthetic  rate.   Of  interest 
was  the  finding  that  over  85%  of  total  tRNA^™211  was  free  in  the  postribosomal 
supernatant  at  any  time,  suggesting  that  no  rate-limiting  deficiency  exists. 
However,  this  does  not  take  into  account  the  association  constant  for 
tRNAime  in  the  initiation  complex.   This  quantity  is  unknown  in  the  intact 
cell,  but  in  reported  cell-free  studies  it  appears  that  the  complex  may  be 
very  loose  in  the  absence  of  other  stabilizing  factors.   Thus,  the  relatively 
high  concentration  of  free  tRNA^met  may  still  be  consistent  with  a  rate- 
limiting  role. 

Completion  of  this  study  will  involve  determinations  of  the  interaction 
of  tRNA.met:  and  protein  synthesis  in  cells  in  which  RNA  and  protein  synthesis 
have  been  altered  with  metabolic  inhibitors.   Further  determinations  of  the 
associations  of  tRNAjrmet  in  the  intact  cell  will  be  undertaken,  particularly 
the  measurement  of  the  partition  between  free  tRNA.met  and  that  in  the 
so-called  ternary  complex   (tRNA.met-GTP-eIF-2).   Also,  studies  with 
permeabilized  cells  are  under  way,  to  determine  whether  injection  of  tRNA 
or  other  RNA  forms  will  modify  translation. 

A  study  is  in  progress  to  examine  the  effects  of  added  human  interferons 
on  the  protein  synthetic  activity  of  resting  and  growing  human  lymphocytes. 
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This  study  was  prompted  by  recent  developments  in  the  interferon  field  which 
have  identified  a  number  of  specific  enzymes  whose  activities  appear,  or  are 
increased  in  the  cytoplasm  of  cells  which  have  been  exposed  to  interferon. 
These  activities  may  inhibit  the  initiation  of  translation.   Moreover, 
reports  have  appeared  which  indicate  that  interferon  treatment  may  suppress 
the  growth  stimulation  of  murine  lymphoid  (spleen)  cells.   We  therefore 
have  asked  whether  the  restriction  of  initiation  rate  in  resting  human 
lymphocytes  may  be  due  to  the  activity  of  interf eron-related  mechanisms. 
The  following  findings  are  pertinent: 

1.  Total  protein  synthesis  rate  in  resting  lymphocytes  is  unaffected  by 
treatment  with  interferon. 

2.  Resting  lymphocytes  treated  with  interferon  show  enhanced  synthesis  of 
3,  and  probably  4,  specific  proteins,  identified  by  fluorographs  of 
2-dimensional  gel  electrophoretic  analyses  of  radiolabeled  proteins. 
These  proteins  are  not  induced  by  interferon,  but  their  synthesis  is 
enhanced  relative  to  all  other  proteins.   Two  of  these  enhanced  proteins 
are  the  same  regardless  of  whether  fibroblast  or  lymphoblastoid  inter- 
feron is  employed.   Also,  see  #4,  below. 

3.  During  the  initial  hours  of  mitogen-stimulation  of  lymphocytes,  the 
usual  increase  in  protein  synthetic  rate  is  inhibited  by  15-25%  if 
interferon  is  present.   This  level  of  inhibition  persists  and  does  not 
increase  with  time  of  incubation. 

4.  The  inhibition  of  stimulation  of  protein  synthesis  is,  in  most  cases, 
generalized  and  does  not  affect  specific  proteins,  as  visualized  by 
2-dimensional  gel  electrophoresis.   In  some  cases,  however,  where  the 
untreated  cells  synthesize  a  group  of  proteins  not  usually  seen  in  puri- 
fied lymphocytes,  lymphoblastoid  interferon  inhibited  the  synthesis 

of  those  proteins  in  both  resting  and  stimulated  cells.   It  is  not 
presently  clear  whether  this  is  due  to  interferon  or  to  an  impurity  in 
.     the  preparation. 

5.  Eventual  DNA  synthesis  in  stimulated  lymphocytes  appears  to  be  modestly 
reduced  by  interferon  treatment.   Careful  study  shows  that  this  is  due  to 
a  mild  delay  in  the  onset  of  DNA  synthesis  in  the  treated  cells,  rather 
than  to  a  prevention  of  cell  growth. 

To  date,  our  interpretation  of  these  results  is  as  follows: 

Resting  lymphocytes  are  capable  of  responding  to  interferon  treatment 
by  reproducibly  enhanced  synthesis  of  certain  proteins  and  occasional 
inhibition  of  others,  indicating  that  the  resting  cells  are  neither 
unresponsive  to  interferon  nor  already  possess  maximally  activated  inter- 
feron mechanisms.   Therfore,  the  failure  of  interferon  to  produce  generalized 
inhibition  of  resting  cell  protein  synthesis  indicates  that  activation  of 
interferon-related  mechanisms  is  not  able  to  reduce  protein  synthesis  and 
that  those  mechanisms  are  probably  not  involved  in  restricting  protein 
synthesis  in  resting  lymphocytes.   Upon  stimulation  of  protein  synthesis, 
activation  of  interferon-related  mechanisms  causes  a  modest  generalized 
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reduction  in  protein  synthesis  early  in  the  stimulation  sequence  because 
early  events  in  lymhocyte  activation  render  the  translation  mechanism 
partially  susceptible  to  those  mechanisms.   However,  the  inhibition  is  only 
modest,  and  results  merely  in  a  slight  delay  in  passage  of  cells  through 
the  Gi  portion  of  the  mitotic  cycle.   Thus,  while  interferon  may  have  a 
modulating  influence  on  normal  lymphocyte  activation,  it  does  not  cause  a 
major  disruption  of  the  physiological  growth  sequence.   It  is  important 
to  consider  whether  this  modulation  may  have  more  significant  consequences 
to  tumor  cell  growth. 

The  continuation  of  this  study  will  include  examination  of  interferon 
effects  in  lymphoid  tumor  cells  of  long-term  lymphoid  cell  lines,  and 
of  fresh  lymphomatous  and  lymphatic  leukemic  material,  if  available; 
subcellular  fractionation  and  isolation  of  interf eron-activated  proteins 
and  efforts  to  identify  them  with  known  interf eron-related  activities  or 
with  other  classes  of  proteins;  fractionation  of  lymphocyte  subpopulations 
to  determine  whether  the  effects  described  are  generalized  or  restricted 
to  certain  subsets  of  the  cell  population  being  studied. 

An  extensive  study  is  in  progress ,  using  the  2-dimensional  gel 
electrophoretic  technique,  to  study  growth-related  changes  in  synthesis 
of  specific  proteins  in  normal  and  malignant   lymphoid  cells.   Much 
effort  this  year  has  gone  into  the  computerized  analysis   of  this 
material,  in  collabortion  with  the  image  processing  unit,  LP,  NCI.   At 
present,  the  computerized  system  can  accurately  quantitate  and  identify, 
in  terms  of  a  standard  map,  up  to  75%  of  the  200-600  polypeptides  normally 
visualized  on  each  gel.   This  permits  objective  comparison  of  samples  for 
the  identification  of  alterations  related  to  differences  in  cell  growth  or 
other  parameters.   Progress  in  this  study  has  been  seriously  hampered  by 
lack  of  adequate  technical  support  for  the  senior  investigator  (EPL)„ 

Collaborative  study  continues  with  the  section  on  Enzyme  Chemistry, 
Laboratory  of  Biochemistry,  NIDR,  on  post-translational  modifications  of 
proteins  produced  by  transglutaminase.    To  date,  in  addition  to  the 
y-carboxyl  glutamic  acid-spermidine  linkage  identified  previously  in  a 
small  number  of  proteins  in  growing  lymphocytes,  a  new  linkage  has  been 
discovered  between  spermidine  and  an  amino  acid  as  yet  unidentified. 
Since  the  behavior  of  this  amino  acid  does  not  conform  to  any  others,  it  is 
possible  that  it  itself  is  post-translationally  modified  prior  to  its 
combination  with  spermidine.    This  mechanism  has  been  reported  in  other 
systems.   In  addition,  another  transglutaminase-mediated  modification  has 
been  detected,  namely,  the  covalent  bonding  of  histamine  to  proteins,  which 
is  enhanced  in  growth  stimulated  lymphocytes.   This  study  is  being  con- 
tinued to  identify  the  proteins  involved  and  to  determine  their  cellular 
location,  as  well  as  possible  relationship  of  the  post-translational 
modification  to  cell  growth  or  differentiated  function. 

In  a  collaboration  with  scientists  of  the  Laboratory  of  Immunodiagnosis, 
a  study  is  in  progress  to  characterize  the  binding  events  and  their 
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biochemical  consequences  resulting  from  the  interaction  of  T-cell  growth 
factor  and  human  lymphocytes.   These  studies  include  a  novel  purification 
technique  for  TCGF,  a  study  of  the  appearance  and  characteristics  of 
the  binding  capacity  of  lymphoid  cells  for  TCGF,  and  an  examination  of 
the  biochemical  alterations  provoked  in  susceptible  cells  by  the  binding 
event. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
By  the  elucidation  of  the  mechanisms  which  regulate  protein  synthesis  in 
resting  cells  and  during  a  physiological  growth  sequence,  we  hope  to  provide 
the  basis  for  recognition  and  understanding  of  derangements  in  these  controls 
which  may  characterize  malignant  transformation.   This  objective  supports 
Objective  3-1  of  the  NCP. 

Proposed  Course  of  Research:   In  addition  to  the  proposed  course 
described  with  each  of  the  preceding  sections,  we  intend  to  begin  a  new 
study  this  year  to  characterize  and  quantify  eIF-3,  an  essential 
component  of  the  translation  mechanism,  in  resting  and  growing  human 
lymphocytes.   The  known  actions  of  eIF-3  in  other  systems  make  it  a 
strong  candidate  as  the  component  which  controls  the  rate  of  protein 
synthesis  in  resting  lymphocytes. 
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Project  Description: 

Major  Findings:   Interferons  are  a  group  of  glycoproteins  which  have 
potent  antiviral  activity.   These  materials  are  also  believed  to  be  effective 
in  the  control  of  human  neoplastic  disease.   Conventional  methods  of  protein 
preparation  have  provided  pure  interferons  for  small  scale  research  purposes 
but  have  failed  to  meet  the  escalating  demand  for  clinical  application.   There- 
fore, alternative  routes  of  production  of  massive  amounts  of  the  protein,  for 
example,  by  cloning  the  relevant  nucleic  acids,  are  being  explored.   Toward 
the  end  interferon  mRNAs  are  being  purified. 

The  production  of  interferon  and  interferon  messenger  RNA  by  a  lymphoblas- 
toid  cell  line  known  as  Namalva  has  been  characterized.   Namalva  cells  produce 
interferon  spontanously  at  very  low  levels.   When  treated  with  Newcastle 
disease  virus,  to  enhance  interferon  production,  a  transient  increase  occurred 
between  4  and  11  hours  after  induction.   Interferon  levels  in  the  culture 
fluids  commonly  reach  1,000,  to  10,000  reference  units/ml,  an  increase  of 
greater  than  1000-fold  over  the  titer  found  in  cultures  of  uninduced  cells. 
Incubation  of  the  cells  with  virus  beyond  11  hours  resulted  in  little  or  no 
increase  in  the  amount  of  interferon  produced.   These  cultures  appeared  to 
be  a  logical  source  of  interferon  messenger  RNA. 

Messenger  RNA  was  subsequently  prepared  from  the  cytoplasm  of  induced 
Namalva  cells  using  standard  methods  together  with  ribonucleoside-vanadyl 
complexes  as  nuclease  inhibitors.   Ribonucleoside-vanadyl  complexes  were 
developed  in  this  laboratory  in  order  to  eliminate  the  degradative  effects 
of  nucleases  which  commonly  occurred  as  an  artifact  during  the  isolation  of 
RNA  from  lymphocytes  and  lymphoid  lines.   In  the  presence  of  these  complexes 
the  size  distribution  of  Namalva  mRNA  remained  unchanged  regardless  of 
whether  the  mRNA  was  extracted  immediately  with  phenol  or  incubated  in 
crude  cytoplasm  for  60  minutes  before  deproteinization.   The  amount  of 
interferon  mRNA  obtained  in  both  cases  was  identical.   Ribonucleoside-vanadyl 
complexes  have  broad  specificity;  they  have  made  possible  the  recovery  of 
intact  mRNA  from  a  wide  variety  of  eukaryotic  cells.   As  a  minimum  estimate, 
hundreds  of  other  investigators  studying  many  different  systems  now  employ 
ribonucleoside-vanadyl  complexes  to  protect  RNA. 

Once  intact  mRNA  is  available,  the  isolation  of  interferon  mRNA,  indeed 
any  mRNA,  depends  on  the  assay.   In  this  study  interferon  mRNA  was  quanti- 
fied by  injecting  crude  samples  into  the  oocytes  of  Xenopus  laevis.   Inside 
the  oocyte,  the  mRNA  directed  the  synthesis  of  mature  human  lymphoblastoid 
interferon  which  could  be  identified  quantitatively  by  its  ability  to  induce 
an  antiviral  state  in  sensitive  cells.   The  amount  of  Interferon  produced 
was  linearly  proportional  to  the  amount  of  interferon-containing  mRNA  injected 
injected  regardless  of  whether  a  large  excess  of  other  polyadenylated  mRNA 
was  also  introduced.   The  linear  range  of  the  assay  extended  beyond  2  orders 
of  magnitude.   Further  study  of  human  interferon  production  by  oocytes 
programmed  with  Namalva  mRNA  revealed  that  the  interferon  mRNA  was  not  only 
faithfully  translated  but  the  protein  product  was  processed  and  finally 
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exported  from  the  oocyte.   Approximately  80%  of  the  total  interferon  yield 
was  found  in  the  medium  bathing  the  oocytes  24  hours  after  introducing  the 
human  mRNA.   The  remainder  was  inside  the  oocyte.   Since  crused  oocytes  are 
toxic  to  the  target  cells  used  in  assaying  the  antiviral  activity  of  inter- 
feron, a  four-fold  increase  in  the  ability  to  detect  interferon  was  achieved 
simply  by  neglecting  the  intra-oocyte  interferon. 

A  comparison  of  the  size  distribution  of  polyadenylated  mRNAs  from 
uninduced  and  virus-treated  cells  revealed  a  small  but  reproducible  change 
among  molecules  sedimenting  between  10  and  16S.   When  newly  synthesized 
molecules  were  examined,  a  large  peak  occurred  at  approximately  14-16S, 
following  induction.   Since  interferon  mRNA  sedimented  at  approximately 
13S,  it  was  heavily  contaminated  with  other  induced  mRNAs  despite  an 
increase  of  50-  to  100-fold  above  the  levels  in  uninduced  cells.   Based  on 
the  translation  of  homogenous  globin  mRNA  in  frog  oocytes  and  the  known 
yield  of  interferon  produced  by  oocytes  injected  with  crude  Namalva  mRNA, 
less  than  0.1%  of  the  induced  13S  mRNA  coded  for  interferon. 

The  kinetics  of  interferon  mRNA  were  examined  relative  to  those  of 
interferon  protein.   At  4  hours  postinduction  a  slight  increase  relative 
to  the  amount  of  interferon  mRNA  found  in  uninduced  cells  was  detectable; 
by  8  hours  maximum  levels  were  obtained.   The  amount  of  interferon  mRNA 
remained  constant  throughout  the  subsequent  6  hours  but  by  17  hours  after 
induction  both  the  total  amount  of  interferon  mRNA  and  its  specific 
activity  had  decreased.   Since  interferon  protein  synthesis  is  virtually 
complete  by  11  hours  after  induction,  the  shut  off  of  interferon  protein 
production  cannot  be  attributed  to  decay  of  its  mRNA.   These  observations 
were  underscored  by  examining  the  location  of  interferon  mRNA  sequences 
in  the  cytoplasm  during  interferon  protein  synthesis  (9  1/2  hours  post- 
induction)  and  after  interferon  was  no  longer  being  produced  (14  hours 
past  induction).   When  assayed  on  sucrose  gradients  at  the  earlier  time, 
approximately  50%  of  the  interferon  mRNA  was  associated  with  polysomes, 
whereas  the  remainder  sedimented  more  slowly  than  the  monosome  fraction. 
By  the  later  time  no  interferon  mRNA  was  polysome-associated  despite  a 
doubling  of  the  interferon  titer  in  the  culture  fluids  during  the  inter- 
vening 4  1/2  hours.   The  entire  complement  was  found  among  slowly  sedimenting 
molecules.   In  both  cases  approximately  50%  of  the  poly(A)-bearing 
molecules  were  actively  directing  protein  synthesis.   During  this  interval 
there  was  no  change  in  the  distribution  of  ribosomal  subunits,  monosomes 
and  polysomes  in  the  cytoplasm  of  the  Namalva  cells.   Indeed,  the  patterns 
throughout  the  period  of  induction  and  thereafter  closely  resembled  those 
of  uninduced  cells. 

In  this  connection,  it  should  be  noted  that  superinduction  of  Namalva 
cells  by  treatment  with  cycloheximide  and  actinomycin  D  has  never  been 
observed.   This  phenomenon,  which  occurs  in  fibroblasts  induced  with 
poly(rl). poly(rC)  increases  the  yield  of  interferon  as  much  as  20-fold, 
presumably  by  interfering  with  the  natural  degradation  of  its  mRNA.   A 
mechanism  is  envisaged  in  which  partial  inhibition  of  RNA  and  protein 
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synthesis  with  inhibitors  administered  at  the  appropriate  times  prevents  the 
production  of  a  substance  responsible  for  the  degradation  of  interferon  mRNA. 
Direct  measurements  of  fibroblast  interferon  mRNA  in  the  presence  of  these 
substances  showed  that  it  is  indeed  preserved.  Thus,  translation  can  continue 
for  a  longer  period  leading  to  the  accumulation  of  additional  interferon. 
Our  results  indicated  that  the  cessation  of  interferon  synthesis  by  Namalva 
cells  was  not  coupled  with  the  destruction  of  its  mRNA.   Obviously,  schemes 
for  prolonging  the  lifetime  of  the  mRNA  with  antimetabolites  cannot  result 
in  an  increase  in  the  output  of  interferon,  if  the  mRNA  is  already  stable  but 
incapable  of  promoting  protein  synthesis. 

The  production  of  interferon  in  mitogen-stimulated  normal  lymphocytes 
has  also  been  partially  characterized.   The  interferon  produced  is  T  or 
immune  interferon  the  least  characterized  of  the  human  interferons.   Pre- 
liminary studies  suggest  that  T  interferon  may  be  a  more  potent  inhibitor 
of  cell  growth,  hence  a  more  potent  anti-tumor  drug  than  either  of  the 
classical  interferons.   We  have  found  that  staphylococcal  enterotoxin  A  (SEA) 
is  a  better  mitogen  and  a  better  inducer  of  T  interferon  than  phytohemagglu- 
tinin  (PHA).   Although  results  are  highly  variable  T  interferon  yields  were 
maximally  10-fold  better  using  SEA  as  an  inducer  relative  to  PHA  and  never 
worse.   Although  not  linearly  related,  the  greater  the  mitogenicity,  measured 
by  (%) thymidine  incorporation  into  DNA,  the  greater  the  yield  of  T  inter- 
feron.  T  interferon  messenger  RNA  was  isolated  from  stimulated  lymphocytes 
and  tranlated  in  frog  oocytes.   Relative  to  the  specific  interferon  activity 
of  unfractionated  lymphoblastoid  mRNA  from  induced  Namalva  cells,  the 
specific  activity  of  T  interferon  mRNA  from  the  cytoplasm  of  SEA-stimulated 
lymphocytes  was  0.4%.   However,  when  normal  lymphocytes  were  treated  with 
viruses  to  induce  production  of  leukocyte  interferon,  the  amount  of  inter- 
feron mRNA  synthesized  was,  within  the  error,  comparable  to  the  production 
of  lymphoblastoid  interferon  mRNA  by  Namalva  cells.   That  the  mRNA  from 
immune  SEA-treated  cells  coded  for  immune  interferon  and  not  either 
classical  interferon  was  shown  by  testing  the  translation  products 
with  both  leukocyte  and  fibroblast  interferon  antibodies. 

The  effect  of  interferon  on  lymphocytes  has  also  been  studied  using 
the  enzyme  2-5A  synthetase  as  marker  for  an  interferon-treated  cell.   This 
enzyme  is  believed  to  be  induced  by  interferon  and  activated  by  double 
stranded  RNA.   The  enzyme  produces  a  2  -5  -linked  oligoadenylate  compound 
which,  in  turn,  activates  a  nuclease  responsible  for  degrading  the  invading 
viral  RNA,  among  others.   Our  preliminary  data  indicate  that  2-5A  synthetase 
levels  are  not  necessary  related  to  interferon  mediated  phenomena  in  normal 
lymphocytes. 

The  interferons  produced  by  lymphocytes  are  now  being  tested  for  their 
ability  to  inhibit  growth  and  metastatic  ability  of  malignant  cells.  Al- 
though these  studies  are  in  their  infancy,  preliminary  data  suggest  that 
interferons  may  function  in  both  capacities  depending  upon  the  cell  type 
tested. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  project  conforms  to  the  Objective  #3,  Approach  #1  of  the  National  Cancer 
Plan.   It  aims   at  an  understanding  of  the  biochemical  control  mechanisms   by 
which  normal  cell  growth  and  fucntion  are  maintained.   The  causes  of  dis- 
ordered cell  growth  and  activity  in  neoplasia  may  then  be  better  understood 
and  rational  attempts  made  to  prevent  or  modify  them. 

The  project  also  conforms  to  Objective  #2,  Approach  #2.   Since  inter- 
feron produced  in  vivo  or  administered  as  an  external  agent  may  be  effective 
in  preventing  or  curing  some  types  of  cancer,  it  is  essential  to  understand 
both  its  modes  of  production  and  its  mechanism  of  action  in  normal,  virus- 
treated  and  malignant  cells. 

Proposed  Course  of  Research:    Purification  of  lymphoblastoid  interferon 
mRNA  and  immune  interferon  mRNA  is  currently  underway  in  preparation  for 
cloning.   In  the  former  case,  specific  DNA  probes  based  on  the  known  amino 
acid  sequence  of  lymphoblastoid   interferon  will  be  used.   Once  high 
molecular  weight  cDNA  probes  for  both  sequences  are  available,  the  problem 
of  interferon  gene  expression  can  be  approached.   In  the  interim  period, 
we  are  developing  model  systems  to  study  mRNA  turnover  in  order  to  manipulate 
protein  synthesis  at  will. 

The  effect  of  purified  type  I  and  type  II  interferon  on  normal  lympho- 
cytes and  on  malignant  cell  lines  will  be  continued.   These  studies  will 
involve  purifying  interferons  and  assaying  for  specific  enzyme  activities 
in  cells  before  and  after  treatment.   As  a  result  of  this  approach  we  hope 
to  understand  not  only  how  interferon  is  produced  but  how  interferon  and 
the  events  it  mediates  affect  normal  and  malignant  cell  function. 

Publications: 

1.  Berger,  S.L.  and  Birkenmeier,  C.S.   Inhibition  of  intractable  nucleases 
with  ribonucleoside-vanadyl  complexes:   Isolation  of  messenger  RNA 
from  resting  lymphocytes.   Biochemistry  18:  5143-51   ,  1979. 

2.  Berger,.  S.L.,  Hitchcock,  M.J.M. ,  Zoon,  K.C.,  Birkenmeier,  C.S., 
Friedman,  R.M.  and  Chang,   E.H.   Characterization  of  interferon 
messenger  RNA  synthesis  in  Namalva  cells.   J.  Biol.  Chem.  255: 
2955-29  ,  1980. 

3.  Berger,  S.L<,,  Wallace,  D.M. ,  Siegal,  G.P.,  Hitchcock,  M.J.M., 
Birkenmeier,  C.S.  and  Reber,  S.B.   Preparation  of  interferon 
messenger  RNAs  with  the  use  of  ribonucleoside-vanadyl  complexes. 
In  Pestka,  S.  (Ed.):  Methods  in  Enzymology.   New  York,  Academic 
Press.   In  press. 


286 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  Of 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  CB  08215-03  LPP 


PERIOD    COVERED 

October  1,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Isolation  of  the  Angiogenesis  Factor(s)  from  the  Interstitial  Fluid  of  Tumors 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 
Other: 


M.  Ziche 

P.  M.  Gullino 


Visiting  Fellow 
Chief 


LPP,  NCI 
LPP,  NCI 


COOPERATING  UNITS  (if  any) 

Dr.  D.T.  Liu,  Biochemistry  Branch,  Division  of  Bacterial  Products, 
Bureau  of  Biologies 


LAB/BRANCH 

T.ahnral-nry    r>f    Pathophysiology 


SECTION 

Office  of  the  Chief 


INSTITUTE  AND  LOCATION 

NP.T,  NTH,  BPthesda,  Maryland   20205 


TOTAL  MANYEARS: 


PROFESSIONAL: 


0.20 


0.20 


CHECK  APPROPRIATE  BOX(ES) 

□  (a)   HUMAN  SUBJECTS 

□  (al)  MINORS   Q  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


□  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
Previous  experiments  on  human  and  rodent  mammary  tissues  have  demonstrated 
that  carcinomas  and  hyperplastic  lesions  at  high  risk  of  neoplastic  trans- 
formation show  a  high  frequency  of  angiogenic  response.   Other  reports  have 
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Project  Description: 

Objectives: 

1.  To  extract  the  angiogenesis  factor(s)  from  tumor  interstitial  fluid. 

2.  To  obtain  an  antibody  against  the  purified  tumor  angiogenesis  factor 
for  the  development  of  a  RIA. 

Methods  Employed:   The  interstitial  fluid  (TIF)  of  MTW9  mammary  tumor  is 
sampled  by  a  technique  previously  developed.   Fractions  from  TIF  ethanol 
extracts  are  obtained  by  gel  chromatography  and  implanted  into  the  rabbit 
cornea.   The  development  of  angiogenesis  is  scored  daily  by  observing  the 
transplants  through  a  slit-lamp  stereomicroscope. 

Major  Findings: 

1.  The  supernatant  of  the  TIF  ethanol  extract  has  strong  angiogenic 
activity  while  the  precipitate  does  not  have  any  activity. 

2.  The  molecular  weight  of  the  active  fractions  is  under  20,000. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  isolation  of  the  angiogenesis  factor(s)  and  the  development  of  a  RIA 
could  provide  a  useful  tool  for  detecting  hyperplastic  lesions  at  high  risk 
of  neoplastic  transformation.   The  diagnostic  use  of  this  procedure  in 
evaluating  breast  biopsy  material  could  permit  detection  of  a  high  risk 
population  and  contribute  to  the  prophylaxis  of  breast  cancer. 

Proposed  Course  of  Research:   To  complete  the  study  as  outlined  in 
the  Objectives. 

Publications: 

1.   Gullino,  P.  M. :  Angiogenesis  factor(s).   In:  Tissue  Growth  Factors. 
R.  Baserga  (ed.),  New  York,  Springer-Verlag,  1980,  In  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

1.  Rat  cc-LA  cDNA  and  casein  cDNA  clones  have  been  constructed.   c-LA  cDNA 
clone  carrying  350  base  pair  sequence  of  rat  a-LA  mRNA  has  been  characterized. 
Using  this  clone,  studies  of  the  organization  and  the  state  of  methylation  of 
a-LA  gene  sequences  during  the  functional  differentiation  of  rat  mammary 
gland  and  in  various  mammary  tumors  have  shown:   a)  inverse  relationship 
between  the  expression  of  the  a-LA  gene  and  its  methylation  and  b)  °-LA  gene 
sequences  or  part  of  the  sequences  are  reiterated  in  MTW9  tumor  DNA. 

2.  Analysis  of  the  in  vitro  synthesized  translational  products  programmed 
with  the  poly  A+  RNA  from  the  mammary  gland  and  tumors  have  shown:  a)  changes 
in  the  mRNA  activities  occurring  during  the  functional  differentiation  of  the 
mammary  gland;  b)  larger  a-LA  is  expressed  during  pregnancy  and  both  small  and 
large  a-LA  are  expressed  during  lactation  and  c)  MTW9  and  MccLx  tumor  RNA 
activities  are  comparable  with  the  gland  at  early  stages  of  pregnancy  except 
lower  a-LA  mRNA  activities  are  present  in  these  tumors. 
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Project  Description: 

Objectives:    The  purpose  of  this  work  is  to  study  the  synthesis  of 
a-lactalbumin  and  casein  proteins  and  their  mRNAs  in  mammary  gland  at 
different  stages  of  functional  differentiation  of  the  gland  and  in  mammary 
tumors.   The  studies  have  been  focused  on:   a)  construction  and  characteriza- 
tion of  the  E.  coli  plasmids  containing  a-lactalbumin  and  casein  cDNA 
sequences;  b)  organization  and  state  of  methylation  of  a-LA  and  casein  struc- 
tural gene  sequences  in  the  DNA  from  rat  mammary  gland  at  different  stages  of 
functional  development  and  from  mammary  tumors,  and  c)  analysis  of  in  vitro 
synthesized  translation  products  directed  with  the  Poly  A+  RNA  isolated  from 
(1)  mammary  gland  at  different  stages  of  functional  development  and  (2) 
from  mammary  tumors. 

Methods  Employed:   1.   Double  stranded  cDNA  was  synthesized  by  use  of 
viral  reverse  transcriptase  from  the  poly  A+  RNA  fractions  enriched  for 
either  a -LA  mRNA  or  casein  mRNA.   The  ds-cDNA  was  inserted  in  the  Pst  1  site 
of  PBR322  by  using  the  oligo(dc).oligo(dg)  joining  procedure.   After  bacter- 
ial transformation  colonies  carrying  a-LA  DNA  or  casein  DNA  were  identified 
by  hybridization  with  highly  purified  a~LA  cDNA  or  casein  cDNA.   2.   The 
methods  of  colony  hybridization,  DNA/RNA  transfers,  DNA,  RNA  and  protein 
electrophoresis,  isolation  and  in  vitro  translations  of  RNA  etc.,  has  been 
detailed  in  project  Nos.  Z01  CB~08231-02,  08218-04  and  08219-04. 

Major  Findings: 
a -LA  cDNA  clone: 

p  a ~LA  70  clone  carrying  a  350  base  pairs  long  a-LA  DNA  sequence  was  charac- 
trized.   This  clone  was  identified  as  a-LA  clone  by  the  following  criteria: 

1.  The  DNA  of  the  plasmid  pa-LA  70  hybridized  to  the  cDNA  synthesized  from 
highly  purified  a-lactalbumin  mRNA  fraction.   For  the  synthesis  of  the  cDNA 
either  oligo  dT  or  a  synthetic  nanonucleotide  of  known  sequence  was  used  as 

a  primer  in  the  reverse  transcriptase  reaction.  The  nanonucleotide  sequence 
of  the  synthetic  primer  was  derived  from  the  conserved  c-terminal  amino  acid 
sequence  Asn.Tyr.Trp  of  the  a-LA  from  different  species. 

2.  p  a-LA  70  DNA  after  hybridization  to  total  poly  A+  RNA  of  lactating 
mammary  gland  arrested  specifically  the  translation  of  a-LA  mRNA. 

3.  p  a-LA  70  DNA  R-looped  with  purified  a-LA  mRNA  as  judged  under  electron 
microscope.   We  have  now  picked  up  clones  carrying  600-800  nucleotide  inserts 
of  a-LA  DNA  sequence  and  are  characterizing  them  further. 

Casein  cDNA  clones: 

Casein  cDNA  clones  corresponding  to  29K  and  42K  caseins  have  been  isolated 

and  are  being  characterized  in  detail. 

State  of  methylation  of  a-LA  gene  sequences  in  mammary  gland  and  tumors: 

Restriction  enzyme  Msp  I  and  Hpa  II  which  can  distinguish  between  methylated 
and  unmethylated  sequence  5  -C-C-G-G-3  ,  were  used  as  probes  to  study  the 
methylation  of  a-lactalbumin  gene  sequences  during  the  functional 
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differentiation  of  rat  mammary  gland  and  in  various  mammary  tumors.   DNA  of 
mammary  gland  removed  at  various  stages  of  gestation  and  lactation  was  hybri- 
dized to  rat  a-lactalbumin  cDNA  clone  pa-LA  70.   The  frequency  of  unmethylated 
a-lactalbumin  gene  sequences  increased  as  gestation  progressed  and  the  lowest 
levels  of  methylation  were  observed  during  lactation.   Mammary  tumors  produc- 
ing high  levels  of  a-lactalbumin  contained  lower  proportion  of  methylated 
a-lactalbumin  gene  sequences  than  tumors  producing  less  a-lactalbumin.   Both 
normal  and  neoplastic  mammary  tissues  showed  an  inverse  relationship  between 
expression  of  ot-lactalbumin  gene  and  its  methylation.   Thus  the  hormones 
which  modulate  the  synthesis  of  a-lactalbumin  appear  to  influence  the  degree 
of  a-lactalbumin  gene  methylation. 

Amplification  of  a-LA  gene  sequences  in  MTW9  tumor  DNA: 

MTW9  tumor  DNA  and  mammary  gland  DNA  was  digested  with  restriction  enzymes 
Mspl,  Hpall,  Hinfl,  Bam  HI  or  E.  coRI  and  electrophoresed  in  1%  agarose  gels 
and  transferred  to  nitrocellulose  filters  and  hybridized  to  pa-LA  70  DNA. 
Compared  to  mammary  gland  DNA  intense  hybridization  occurs  in  certain  frag- 
ments of  MTW9  tumor  DNA.   These  results  showed  that  a-LA  DNA  sequences  are 
amplified  in  this  tumor. 

Gene  expression  in  normal  rat  mammary  gland  during  functional  differentiation 
of  the  gland  and  in  rat  mammary  tumors: 

In  continuation  of  our  previous  work  (Nakhasi  and  Qasba  J.Biol.Chem.  254: 
6016,  1979),  we  have  translated  the  poly  A+  RNA  from  the  mammary  gland  at 
reproductive  stages  and  analysed  the  translational  products  and  their 
immunoprecipitates  on  SDS-gels.   We  have  found  that  resting,  pregnant  and 
lactating  mammary  gland  RNAs  encode  characteristic  translation  products. 
Various   classes  of  RNAs  have  been  distinguished.   Some  are  present  only 
in  virgin  mammary  gland,  others  are  present  at  all  stages.   Some  RNAs, 
especially  the  major  milk  proteins,  increase  during  pregnancy,  while  others 
apparently  disappear  during  lactation.   Furthermore,  the  results  showed  that 
the  two  rat  a-lactalbumins  are  differentially  regulated  during  reproductive 
development.   RNA  from  lactating  gland  encodes  both  large  and  small  a~LAs. 
Pregnant  glands  and  contralateral  glands  of  MTW9-bearing  rats  encode  only 
the  larger  a-LA}  while  both  the  MTW9  and  MCCLX  tumors  encode  only  the  smaller 
a-LA.   In  other  respects,  the  translation  product  of  the  RNA  from  tumors 
resemble  early  pregnant  mammary  glands. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Understanding  of  the  normal  development  and  differentiation  of  mammary  gland 
and  the  alterations  which  have  occurred  in  tumors,  will  help  in  designing 
experiments  for  early  detection  and  appropriate  treatment  of  breast  cancer. 

Proposed  Course  of  Research: 
The  experiments  will  be  further  carried  out  to  study: 
1.    The  organization  of  a-LA  and  casein  gene  sequences  in  rat  mammary  gland 

at  different  stages  of  development  and  in  mammary  tumors. 
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2.  Mechanism  of  switching  over  the  expression  of  the  two  a-LAs. 

3.  Isolate  the  RNA  that  is  characteristic  to  growing  mammary  tissues  to 
study  their  regulation  in  greater  detail. 

Publications : 

1.   Nakhasi,  H.L.  and  Qasba,  P.K.   Quantitation  of  milk  proteins  and  their 

mRNA's  in  rat  mammary  gland  at  various  stages  of  gestation  and  lactation. 
J.  Biol.  Chem.  254:   6016-6025,  1979. 


292 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  CB  08222-05  LPP 


PERIOD  COVERED  ,     ,-.   ,  QQn 

October  1,  1979  to  September  30,  1980 


TITLE  OF   PROJECT   (80  characters   or  less) 
Interrelationship   of    Cyclic   Nucleotide   and   Steroid  Hormone    in  Growth   Control 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 

Others : 


Y.S.  Cho-Chung 
J.S.  Bodwin 
T.  Clair 

B.  Berghoffer 


Research  Chemist 
Surgeon 
Chemist 
Biologist 


LPP,  NCI 

LPP,  NCI 

LPP,  NCI 

LPP,  NCI 


COOPERATING  UNITS  (if  an> 


LAB/BRANCH 

Laboratory  of  Pathophysiology 


SECTION 

Office  of  the  Chief 


INSTITUTE  AND  LOCATION 
NCI,    NIH,    Bethesda,    Maryland      20205 


TOTAL  MANYEARS: 


2.0 


PROFESSIONAL: 


1.0 


1.0 


CHECK  APPROPRIATE  BOX(ES) 
□  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   Q  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


6(c 
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Growth  and  regression  of  hormone-dependent  mammary  tumors  are  the  function  of 
the  intracellular  interplay  between  cAMP  and  estrogen.   The  interplay  between 
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estrogen-stimulation  of  tumor  slices  in  vitro.   The  interplay  between  cAMP 
and  estrogen  is  also  involved  in  the  functional  differentiation  of  mammary 
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Project  Description: 

Methods  Employed: 
i.  Tumor:   primary  7 ,  12-dimethylbenz(ct  )anthracene  (DMBA)-induced  mammary 
carcinoma  in  rat  was  used. 

ii.  Mammary  Gland:   virgin,  pregnant  and  lactating  mammary  glands  of 
Sprague-Dawley  female  rats  were  used. 

iii.  Photoaff inity  labelling  of  cyclic  AMP-binding  protein:   the  photo-activa- 
ted incorporation  of  8-No-[   P]cAMP  was  performed  by  the  method  of 
Pomerantz  et  al.   S-N-^-f   P]cAMP  labeldd  proteins  were  identified  by 
SDS-polyacrylamide  gel  electrophoresis  and  following  autoradiography. 

iv.  Protein  kinase  assay:   the  activity  was  determined  by  measurement  of 
the  incorporation  of  33p  from  Y-labeled  ATP  into  histone  in  +  cAMP  or 
+  cGMP. 


v.  Cell  fractionation,  DEAE-cellulose  column  chromatography,  disc  and 
slab  gel  electrophoresis  followed  standard  techniques. 

Major  Findings: 
I.    Effect  of  cAMP  and  Estrogen  stimulation  in  vitro  on  cAMP-dependent  and 

cGMP-dependent  Protein  Kinases  in  the  Cytosols  and  Nucleus  of  DMBA 

Tumors. 

Slices  from  growing  DMBA-induced  tumors  were  preincubated  with  cAMP 
in  the  absence  and  presence  of  estrogen,  then  cAMP-dependent  and  cGMP- 
dependent  protein  kinase  activities  in  the  cytosols  and  nculear  extracts 
were  measured  following  polyacrylamide  gel  electrophoresis  (non-denaturing). 
In  growing  tumors  (control,  unincubated)  a  sharp  peak  exhibiting  cGMP- 
dependent  protein  kinase  activity  was  detected  in  both  cytosol  and  nuclei, 
wheres  cAMP-dependent  kinase  activity  was  found  only  in  the  cytosol.   Follow- 
the  incubation  of  the  tumor  slices  with  cAMP,  however,  cAMP-dependent  protein 
kinase  activity  sharply  increased  initially  in  the  cytosol  and  subsequently 
in  the  nuclei  and  concommitantly,  cGMP-dependent  protein  kinase  peak- 
decreased  from  both  cytosol  and  nuclei.   The  increase  in  cAMP-de pendent 
protein  kinase  activity  was  abolished  when  17  3-estradiol  was  added 
simultaneously  with  cAMP  in  the  incubation  medium.   The  increase  of  cAMP- 
dependent  protein  kinase  activity  following  cAMP  stimulation  appears  to  be 
due  to  new  enzyme  synthesis  since  cycloheximide  abolished  the  activity 
increase. 

Similar  experiments  were  performed  using  a  cell-free  system  of  DMBA 
tumors.   The  cytosols  prepared  from  the  tumor  slices  preincubated  in  the 
presence  of  cAMP  +17  6 -estradiol  was  added  to  nuclei  prepared  from  unincu- 
bated tumors  and  the  protein  kinases  in  the  nuclear  extracts  were  resolved 
by  polyarylamide  gel  electrophoresis.   The  experiments  showed  that  cAMP- 
dependent  protein  kinase  increased  in  the  cytosol  (following  the  incubation 
of  tumor  slices  with  cAMP)  migrated  into  the  nculeus  in  a  time  dependent 
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manner.   Again,  this  increase  was  abolished  by  the  presence  of  17  -estradiol 
or  cycloheximide  in  the  incubation  medium  of  the  tumor  slices.   These  results 
demonstrate  that  cAMP-dependent  and  cGMP-dependent  protein  kinases  of  DMBA 
mammary  tumors  can  be  stimulated  by  cAMP  and  estrogen,  respectively,  _in  vitro. 

II.  Differential  Expression  of  Type  I  and  Type  II  cyclic  AMP-dependent 
Protein  Kinase  During  Functional  Differentiation  of  Rat  Mammary  Gland. 

Our  studies  showed  that  cAMP-dependent  protein  kinase  in  hormone- 
dependent  mammary  tumors  increases  and  translocates  into  the  nucleus  follow- 
ing stimulation  of  tumors  with  cAMP  in  vivo  and  ^n  vitro.   The  intimate 
relationship  between  protein  kinases  types  I  and  II  with  growth  and  differen- 
tiation has  been  suggested.   In  mammary  gland  the  cellular  concentration  of 
steroid  hormones,  cAMP  and  cGMP  changes  with  the  functional  differentiation 
of  the  gland. 

The  cellular  content  of  cAMP-dependent  protein  kinase  type  I  and  type  II 
in  rat  mammary  gland  was  measured  during  gestation  and  lactation  by  the  use 
of  DEAE-cellulose  column  chromatography  and  the  photoaf f inity  label,  8-azido 
[32p]cAMP.   In  virgin  gland  type  II  kinase  activity  was  found  in  the  soluble 
but  not  the  nuclear  fraction  and  type  I  enzyme  was  undetectable.   During 
gestation,  both  type  I  and  type  II  soluble  enzyme  increased  sharply  maintain- 
ing the  type  II/I  ratio  of   2.0.   At  day  17  of  gestation,  the  type  II  enzyme 
decreased  to  one  half  the  level  found  at  day  15,  whereas  type  I  enzyme  re- 
mained high  without  change;  the  type  II/I  ratio  was  reduced  to  0.5.   In  the 
last  week  of  lactation,  type  I  enzyme  disappeared  but  type  II  enzyme  remained 
at  the  virgin  level.   During  late  gestation  and  early  lactation,  both  types 
I  and  II  nuclear  kinases  also  increased  markedly.   Thereafter,  the  type  I 
enzyme  decreased,  but  type  II  enzyme  further  increased.   The  ratios  of  type 
II/I  nuclear  enzyme  at  early  and  late  lactation  were  a.0.7  and  VuO.  respectiv- 
ly.   During  the  increased  activity  of  type  I  and  type  II  kinases,  ^C-amino 
acid  incorporation  into  the  enzyme  fractions  increased  also.   These  results 
suggest  the  differential  roles  of  type  I  and  type  II  cAMP-dependent  protein 
kinases  at  different  functional  development  of  the  mammary  gland.   Moreover, 
the  highest  level  of  type  II  cAMP-dependent  protein  kinase  found  in  the 
nuclei  during  late  lactation  suggests  a  role  of  type  II  enzyme  for  the 
involution  of  mammary  gland. 

III.  Cyclic  AMP  and  Estrogen  Interrelation  in  the  Tumorigenicity  of 
Carcinogen-induced  Mammary  Tumors. 

Our  studies  suggest  that  the  growth  and  regression  of  hormone- 
dependent  mammary  tumors  are  the  function  of  an  interplay  between  cAMP  and 
estrogen  in  the  tumor  cells.   We  showed  that  arginine  inhibits  in  vivo  growth 
of  hormone-dependent  rat  mammary  tumors  and  that  the  growth  inhibition 
accompanies  the  increase  of  cellular  cAMP.   Moreover,  arginine  exhibits 
a  synergistic  effect  with  DBcAMP  in  vivo.   We  examined  whether  the  growth 
of  carcinogen-induced  tumors  can  be  inhibited  by  supplement  of  arginine  to 
animals.   L-arginine-HCl  (50  mg/200  g  rat  s.c./day)  was  given  to  young  rats 
starting  at  age  of  20  days  and  continued  until  the  end  of  the  experiments. 
At  the  age  of  60  days,  DMBA  was  intubated  to  control  and  arginine  treated 
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rats  by  stomach  feeding  in  a  single  dose  of  20  rag/1.0  ml  sesame  oil.   After 
35  days  from  the  DMBA  intubation,  the  tumors  started  to  appear.   The  number 
of  tumors  appeared  in  both  control  and  arginine  treated  animals  was  similar, 
however,  the  tumors  in  the  arginine  treated  animals  grew  at  a  much  slower 
rate  than  those  in  control  animals.   Moreover,  the  tumors  in  arginine  treated 
animals  were  either  arrested  or  regressed  within  2  weeks  from  the  time  of 
their  appearance,  whereas  the  tumors  of  control  group  continuously  grew. 
These  results  suggest  that  arginine  does  not  block  the  induction  of  carcino- 
gen-induced tumors  but  it  inhibits  their  growth. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
(NCP  Objective  #6,  Approach  it 3).  

These  studies  contribute  to  the  understanding  of  the  mechanism  of 
hormone-dependent  growth.   The  results  suggest  that  the  interplay  between 
cAMP  and  estrogen  may  determine  the  growth  and  regression  of  hormone-dependent 
mammary  tumors  and  the  tumorigenicity  of  carcinogen-induced  tumors.   The 
differential  expression  of  cAMP-dependent  protein  kinases  type  I  and  type  II 
during  the  functional  development  of  mammary  gland  suggests  that  the  inter- 
relation between  cAMP  and  steroid  hormones  may  also  exist  in  normal  target 
tissues.   The  possible  clinical  application  of  these  studies  toward  the 
prevention  and  diagnosis  of  hormone-dependent  mammary  tumors  is  under  study. 

Proposed  Course  of  Research: 

1.  Assess  the  relationship  between  estrogen,  estrogen  receptor  and 
cGMP-dependent  protein  kinase. 

2.  Assess  the  expression  of  cAMP-dependent  protein  kinase  type  I  and 
type  II  under  modified  hormonal  influence  in  virgin  mammary  gland 
in  vitro. 

3.  Assess  the  relationship  between  nuclear  translocation  of  cAMP- 
dependent  protein  kinase  type  I  and  type  II  and  endogenous  phosphory- 
lation of  nuclear  proteins  during  mammary  gland  development. 

4.  Assess  the  effect  of  estrogen,  arginine  and  DBcAMP  on  tumorigenicity 
of  carcinogen-induced  mammary  tumors. 

Publications: 

1.  Bodwin,  J.S.,  Clair,  T.   and  Cho-Chung,  Y.S.   Relationship  of  hormone 
dependency  to  estrogen  receptor  and  adenosine  3  ,5  -cyclic  monophos- 
phate-binding  proteins  in  rat  mammary  tumors.   J.  Natl.  Cancer  Inst. 
64:   395-398,  1980. 

2.  Shafie,  S.M.,  Cho-Chung,  Y.S.  and  Gullino,  P.M.   Cyclic  adenosine 

3  ,5  -monophosphate  and  protein  kinase  activity  in  insulin-dependent 
and  -independent  mammary  tumors.   Cancer  Res.  39s   2501-2504,  1979. 
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Project  Description: 

Objectives :   1.  To  characterize  and  quantitate  estrogen  binding 
components  and  cAMP-binding  components  in  the  cytosol  and  nucleus  of 
ovarian  dependent  and  independent  tumors.   2.  To  study  in  vivo  and 
in  vitro,  the  specific  relationship  of  the  estrogen  receptor  to  the 
cAMP  holoenzyme  during  growth  and  repression  of  mammary  tumors.   3) 
Specifically,  to  investigate  how  the  estrogen  receptor  and  cAMP 
holoenzyme  interact  during  nuclear  translocation  of  each  binding  protein 
and  their  subsequent  effect  on  the  phosphorylation  of  nuclear  proteins* 

Methods  Employed:   1.  7,12  DMBA,  NMU,  MTW9,  DMBA  #1  and  MT13762  were 
used  as  experimental  animal  models  of  hormone-dependent  and  -independent 
mammary  tumors.   2.   In  vitro  radionuclide  assays  and  labeling  of  cytosol 
binding  proteins  were  employed.   3.   Cell  free  systems  involving  recombina- 
tion of  cytosol  and  nuclei  were  used  to  study  nuclear  translocation  of 
estrogen  and  cAMP. 

Major  Findings:    1.   An  antagonistic  relationship  between  estrogen 
receptor  and  cAMP  binding  protein  exists  during  the  repression  process  of 
hormone  dependent  mammary  tumors  induced  by  host  ovariectomy  or  treatment 
with  DBcAMP,  the  anti-estrogen  tamoxifen,  or  pharmacological  doses  of  estrogen. 

2.  The  ratio  of  cytosol  estrogen  receptor  (ER)  to  cAMP-binding  protein 
(CR)  is  an  accurate  predictor  of  hormone  dependency  in  rat  mammary  tumors. 

3.  The  antagonism  between  ER  and  CR  can  be  demonstrated  in  vitro  by 
showing  that  CR  bound  with  specific  concentrations  of  cAMP,  permitting  CR 
to  exist   as  the  holoenzyme,  will  inhibit  the  translocation  of  the 
estrogen  receptor  into  the  nucleus.   4.   The  phosphatase  inhibitor,  sodium 
molybdate,  decreases  the  nuclear  translocation  of  estrogen  receptor  while 
dithiothreitol  (DTT),  calcium  (Ca   )  and  magnesium  (Mg"1""1")  increase  the 
nuclear  uptake  of  estrogen  receptor. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
By  understanding  the  biological  significance  of  estrogen  receptor  and  cAMP 
holoenzyme  antagonism  and  the  functional  role  of  hormone  receptor  trans- 
location into  the  nucleus,  the  biochemistry  of  normal  and  neoplastic  hormone 
responsive  cells  can  be  delineated  and  subsequent  clinical  application  to 
breast  cancer  treatment  proposed. 

Proposed  Course  of  Research:   1.   To  investigate  the  nuclear  transloca- 
tion of  the  estrogen  receptor  and  cyclic  AMP  holoenzyme  in  order  to  see  if 
their  mutual  antagonism  involves  a  cyclic  nucleotide  dependent  or  non- 
dependent  phosphorylation  of  the  specific  receptors  or  other  cytosolic 
factors.   2.   To  study  how  the  cytosolic  events  preceeding  nuclear  trans- 
location and  subsequent  nuclear  translocation  of  hormone  receptors  affect 
the  phosphorylation  of  nuclear  proteins  and  other  translational  and 
transcriptional  phenomena. 
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1.  Bodwin,  J.S.,  Clair,  T.  and  Cho-Chung,  Y.S.   Relationship  of  estrogen 
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mammary  tumors  of  the  rat.   J.  Natl.  Cancer  Inst.   64:  395-398,  1980. 

2.  Knazek,  R.A. ,  Liu,  S.C.,  Bodwin,  J.S.  and  Vonderhaar,  B.   Essential 
fatty  acids  are  required  in  the  diet  for  development  of  the  mouse 
mammary  gland.   J.  Natl.  Cancer  Inst.  64:  377-379,  1980. 

3.  Bodwin,  J.S.,  Cho-Chung,  Y.S.,  Hirayama,  P.,  Rego,  J.   Interaction  of 
cAMP-binding  proteins  and  estrogen  receptor  in  hormone-dependent 
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estrogen.   J.  Natl.  Cancer  Inst.   In  press. 

4.  Cho-Chung,  Y.S.,  Clair,  T. ,  Bodwin,  J.S.  and  Hill,  D.   L-Arginine  and 
DbcAMP  synergistically  inhibit  _in  vivo  growth  of  hormone-dependent 
mammary  tumors.   Biochem.  Biophys.  Res.  Comm.   In  press. 


299 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  CB  08225-05  LPP 


PERIOD  COVERED 

Or-roher  1,  1979  to  September  30.  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Membrane  of  the  Mammary  Gland  Structure  and  Dynamics  under  Normal  and 
Pathological  Conditions 


NAMES,  LABORATORY  ANO  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:       P.  Pinto  da  Silva 
Others:    C.  Parkison 
B.  Kachar 


Chief,  Membrane  Biology  Section     LPP,NCI 
Chemist  LPP, NCI 

Visiting  Fellow  LPP, NCI 


COOPERATING  UNITS  (if  any) 

Dr.  Ian  Mather,  Department  of  Animal  Science,  Univ.  of  Maryland,  College  Park, 
Maryland,  and  Dr.  A.  Peixoto  de  Menezes,  School  of  Medicine,  University  of 
Lisbon,  Portugal 


LAB/BRANCH 

Laboratory  of  Pathophysiology 


SECTION 

Membrane  Biology  Section 


INSTITUTE  AND  LOCATION 

NCI,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARSs 


0,5 


PROFESSIONAL: 


0.4 


0.1 


CHECK  APPROPRIATE  BOX(ES) 

□  (a)   HUMAN  SUBJECTS 

□  (at)  MINORS   □  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


□  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Comparative  morphology  of  the  plasma  membranes  from  lactating  tissues  and 
mammary  carcinomas.   Structural  transformation  of  the  membrane  envelope  of 
the  milk  fat  globule  after  secretion  and  during  isolation  procedures. 
Localization  of  membrane  proteins  of  the  membranes  of  mammary  gland  epithelial 
cells.   Membrane  structure  and  dynamics  of  the  basal  region  of  the  secretory 
cell  and  the  epithelial-myoepithelial  cell  interactions  are  followed  during 
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Project  Description: 

Methods:   Tissue  (lactating  rat  mammary  gland,  DMBA  and  NMU  mammary 
carcinomas)  and  membrane  preparations  (milk  fat  globule  membrne  -  MFGM)  are 
fixed  in  glutaraldehyde,  impregnated  with  glycerol,  and  rapidly  frozen  in 
the  liquid  phase  of  partially  solidified  Freon  22  at  liquid  nitrogen  tempera- 
ture.  Specimens  were  fractured  and  platinum-carbon  replicated  in  a 
Balzers  freeze-etch  device  or  prepared  for  conventional  thin  sectioning.   All 
specimens  were  observed  by  TEM  in  a  JEOL  100C  EM.   Monoclonal  antibodies 
are  prepared  against  milk  fat  globule  membrane  proteins  and  the  plasma 
membrane  of  mammary  gland  acinar  cells.   Ferritin  conjugates  are  prepared 
and  mammary  gland  acinar  cells  and  membrane  fractions  labelled. 

Major  Findings:   The  membrane  envelope  of  the  milk  fat  globule  (MFGM) 
was  observed  by  f reeze-f racture  after  secretion,  in  milk  and  cream  and  during 
isolation  procedures.   In  fat  globules  this  membrane  reveals  aspects  of 
particle  distribution  which  reflect,  in  part,  the  regional  segregation  of 
integral  membrane  components  at  the  apical  plasmalemma  of  lactating  cells. 
Tearing,  folding  and  sealing  of  membrane  fragments  were  observed  during 
isolation  procedures:   sharp  membrane  folding  occurs  at  particle-rich  areas; 
sealing  of  membrane  fragments  was  observed  between  particle-rich  membrane 
edges  in  a  zipper-like  fashion.   MFGM  preparations  contain  small  vesicles 
and  discoidal  cisternae.   Particles  were  observed  in  the  vesicles  and  at 
the  rim  of  the  cisternae.   Fusion  between  the  inner  half  of  the  MFGM  and 
the  interfacial  layer  of  the  fat  globules  is  postulated  to  interpret  the 
f reeze-fracture  appearance  of  fat  globules.   Our  observations  suggest  limits 
to  the  use  of  MFGM  preparations  as  the  structural  equivalent  of  the 
acinar  plasma  membrane  of  mammary  epithelial  cells,  but  support  this 
system  as  a  model  to  study  membrane  structure  and  dynamics. 

Freeze-fracture  replicas  of  rat  mammary  gland  tissues  reveal  several 
changes  of  the  basal  portion  of  the  plasma  membrane  of  the  secretory  cell 
during  pregnancy,  lactation  and  involution.   A  highly  differentiated 
surface  rich  in  infoldings  and  pinocytotic  apertures  that  may  be  related 
to  transport  processes  is  observed  during  late  pregnancy  and  lactation. 
Parallel  morphological  changes  of  the  myoepithelial  cells  are  also  followed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
There  is  considerable  evidence  of  the  interrelationships  between  the 
secretory  process  and  the  malignant  transformations  of  the  mammary  epithelial 
cells.   All  these  events  are  related  with  development  of  a  system  of  cell 
membranes;  the  membrane  envelope  of  the  milk  fat  globules  carries  antigen 
common  to  the  cell  membrane  of  mammary  carcinoma  cells;  there  are  common 
hormonal  stimuli  involved  in  the  lactogenesis  and  in  the  malignant  transfor- 
mation.  Cell  membranes  are  also  involved  in  other  events  related  with  tumor 
invasiveness  and  metastization.   Milk  fat  globule  membrane  vesicles  may  be 
used  as  a  natural  liposome  system  to  carry  drugs  to  specific  organs. 
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Proposed  Course  of  Research:   With  Dr.  Ian  Mather  we  will  attempt  to 
use  ferritin  conjugates  of  antibodies  to  specific  milk  fat  globule  membrane 
proteins  to  local  antigens  on  the  acinar  and,  possibly,  lateral  surfces  of 
mammary  epithelial  cells.   With  Dr.  Ian  Mather  we  will  continue  to  attempt 
to  locate  the  site  of  integral  membrane  proteins  in  the  plasma  membranes  of 
mammary  gland  acinar  cells  and  in  preparations  of  its  plasma  membrane  as 
well  as  milk  fat  globule  membrane.   The  investigation  of  the  structural 
changes  observed  in  the  basal  portion  of  the  plasma  membranes  during 
pregnancy,  lactation  and  involution  will  be  continued. 

Publications: 

1.    Pinto  da  Silva,  P.,  Peixoto  de  Menezes,  A.  and  Mather,  I.H.   Structure 
and  dynamics  of  the  bovine  milk  fat  globule  membrane  viewed  by 
freeze-fracture.   Exp.  Cell  Res.  125:  127-139,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  is  designed  to  understand  the  role  of  hormones  (particularly  pro- 
lactin and  T3)  in  normal  mammary  gland  development  and  differentiation.   We 
also  wish  to  determine  what  impact  alterations  in  the  normal  thyroid  hormone-^ 
prolactin  balance  have  an  mammary  tumorigenesis.   In  addition,  we  wish  to  define 
any  "critical  periods"  where  such  an  imbalance  imprints  the  mammary  gland  and 
results  in  alteration  in  subsequent  tumor  formation.   Studies  include:   1) 
evaluation  of  the  effect  of  mild  hypothyroidism  during  the  pre-pubertal  period 
as  well  as  throughout  life  on  formation  and/or  regression  of  hyperplastic 
alveolar  nodules  (HAN)  and  ultimately  on  mammary  tumor  formation;  2)  examination 
of  the  ability  of  hypothyroidism  to  prevent  HAN  and  tumor  formation  in  animals 
whose  tumor  potential  is  increased  by  perinatal  exposure  to  high  doses  of 
estrogens  or  anti-estrogens;  3)  to  determine  what  effect  perinatal  estrogen 
treatment  has  on  pituitary  function  and  lactogenic  receptors;  4)  to  characterize 
the  nature  of  interaction  of  prolactin  and  human  growth  hormone  with  native  as 
well  as  cryptic  forms  of  lactogenic  receptors,  and  5)  to  partially  purify  the 
lactogenic  receptor  in  order  to  produce  monoclonal  antibodies  against  it. 
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Project  Description: 

Objectives:   The  purpose  of  these  studies  was  to  determine  what  effects 
alterations  in  thyroid  hormone-prolactin  balance  have  on  development  and 
differentiation  of  the  normal  mammary  gland  as  well  as  an  formation  of  hyper- 
plastic alveolar  nodules  and  mammary  tumors.   We  wish  to  define  any  "critical 
periods"  of  sensitive  of  the  mammary  gland  to  thyroid  hormone-prolactin 
imbalance.   Animals  were  treated  neonatally  with  estrogen  or  anti-estrogen 
to  increase  their  tumor  potential  and  the  ability  of  altered  thyroid  status 
to  prevent  this  was  examined.   The  effects  of  neonatal  estrogen  and  anti- 
estrogen  treatment  on  pituitary  function  as  well  as  on  control  of  prolactin 
receptors  was  determined.   The  nature  of  the  interaction  of  lactogenic  hor- 
mones with  their  receptors  and  the  effects  of  divalent  cations,  alterations 
in  membrane  lipids  and  membrane  aggregation  on  this  process  was  examined. 
These  findings  were  utilized  in  our  attempts  to  partially  purify  lactogenic 
receptors  for  the  purpose  of  preparing  monoclonal  antibodies  against  them. 

Methods  Employed:    C3H/HeN  mice  were  used.    Mild  hypothyroidism  was 
induced  by  addition  of  0.1%  thiouracil  to  the  drinking  water.   Neonatal 
treatment  of  animals  was  performed  within  36  hr  of  birth  and  consisted  of 
a  single  subcutaneous  injection  of  25  pg  of  either  estradiol-178(E2)  or 
Nafoxidine  (Naf ;U11 ,100A)  in  sesame  oil.   Mammary  gland  morphology  was 
examined  by  hematoxylin  staining   of  whole  mounted  glands.   Hyperplastic 
alveolar  nodules  (HAN)  were  identified  and  counted  with  the  aid  of  a 
dissecting  microscope.   Serum  prolactin  levels  were  determined  by  a  specific 
radioreceptor  competition  assay.   Specific  binding  of  prolactin  or  human 
growth  hormone  to  membrane  bound  or  detergent  solubilized  receptors  was 
studied  by  standard  competition  binding  techniques.   Purification  of  lacto- 
genic receptors  was  attempted  by  using  standard  chromatography  and  separation 
techniques. 

Major  Findings:   Previous  studies  in  my  laboratory  had  demonstrated 
that  development  of  "spontaneous"  mammary  tumors  in  primiparous  mice  was 
altered  by  changes  in  the  animals  thyroid  status  post-lactation.   One  year 
after  removal  of  the  pups  and  initiation  of  the  altered  thyroid  state,  over 
96%  of  the  hyperthyroid  and  euthyroid  animals  had  developed  tumors.  The 
hypothyroid  group  had  only  a  72%  tumor  incidence.   Since  these  animals  all 
carry  both  MMTV-S  (Bittner  milk  virus)  and  MMTV-L  (nodule-inducing  virus), 
the  role  of  thyroid  hormones  in  MMTV  expression  was  examined.   The  primipar- 
ous post-lactational  mice  were  utilized  for  this  study  10-12  weeks  after 
removal  of  the  pups.   At  this  time  the  glands  of  animals  in  all  three  thyroid 
states  are  morphologically  indistinguishable  from  each  other,  HAN  are  present 
in  all  groups  and  no  overt  tumors  are  present.   For  5  days  the  animals  were 
given  daily  injections  of  either  100  yg  of  dexamethasone  or  the  saline 
vehicle  alone.   On  the  sixth  day,  the  animals  were  killed  and  the  mammary 
glands  removed  and  subsequently  analyzed  for  the  levels  of  viral  RNA  present 
using  a  specific  cDNA  probe,  and  for  the  presence  of  the  viral  proteins  Gp52 
and  p27(28)  using  a  specific  radioimmunoassay.   The  %  of  RNA  which  is  viral 
was  found  to  be  0.0061,  0.0061  and  0.0037  in  the  saline-injected  hyper-,  eu- 
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and  hypothyroid  groups,  respectively,  with  dexamethasone  treatment  resulting 
in  21,  10  and  16%  stimulation.   Various  amounts  of  the  viral  proteins  were 
found  in  all  groups  with  dexamethasone   stimulating   the  levels  from  30%  to 
8-fold.   The  basal  levels  and  degree  of  stimulation  did  not  correlate  with 
thyroid  status.   However,  the  39%  decrease  in  the  basal  level  of  viral  RNA  in 
the  hypothyroid  group  correlates  with  the  presence  of  fewer  HAN  in  this  group. 
While  the  mammary  glands   themselves  are  morphologically  indistinguishable 
from  each  other  at  this  time,  in  terms  of  ductal  and  alveolar  development , the 
number  of  HAN  differ.   While  glands  from  hypothyroid  animals  had  an  average 
of  21  HAN  per  mouse,  those  from  euthyroid  primiparous  animals  had  15  and  those 
from  hypothyroid  had  only  9  per  mouse.   All  hyper-  and  euthyroid  mice  had  HAN 
in  their  mammary  glands.   Only  70%  of  hypothyroid  primiparous  mice  had  HAN 
12  weeks  post-lactation. 

These  results  led  to  an  attempt  to  determine  whether  hypothyroidism 
causes  the  regression  of  pre-existing  HAN,  prevents  formation  of  new  HAN  or 
both.   For  this  study,  45  euthyroid  virgin  mice  were  utilized.   One  third  of 
the  animals  were  killed  at  8  mon  of  age,  the  mammary  glands  whole-mounted 
and  HAN  counted.   Half  of  the  remaining  mice  were  maintained  in  the  euthyroid 
state  for  an  additional  3  mon  while  the  other  half  were  made  hypothyroid 
from  the  8th  to  11th  mon  of  life.   When  both  groups  were  11  mon  old,  their 
mammary  glands  were  whole  mounted  and  HAN  counted.   The  8  mon  old  animals 
had  an  average  of  13  HAN  per  animal  and  the  11  mon  old  euthyroid  group 
averaged  26  HAN  per  mouse.   This  increase  in  the  number  of  HAN  was  prevented 
in  the  group  made  hypothyroid  from  8-11  mon  resulting  in  an  average  of  only 
16  HAN  per  animal. 

These  data  show  that  there  is  less  virus  present  in  the  mammary  glands 
of  hypothyroid  mice  compared  to  euthyroid  controls.   This  is  reflected  in  a 
lower  number  of  HAN  per  hypothyroid  animal.   Furthermore,  the  data  suggest 
that  hypothyroidism  prevents  the  conversion  of  untransf ormed  or  inapparent 
transformed  cells  into  apparent  hyperplastic  structures  or  nodules. 

We  wished  to  determine  what  effect  changes  in  thyroid  status  had  on  HAN 
formation  and  mammary  tumor  development  in  animals  whose  tumor  potential  was 
increased*  For  these  studies  mice  were  given  a  single  subcutaneous  injection 
of  25  ug  of  either  estradiol-176(E2)  or  Nafoxidine  (Naf ;U11100A)  within  36 
hr  of  birth.   At  birth  the  pups  and  their  lactating  mothers  were  placed 
either  on  normal  drinking  water  or  on  0.1%  thiouracil.   After  weaning  (28 
days  of  age)  the  female  offspring  were  either  maintained  as  euthyroid  or 
hypothyroid  or  reversed  in  their  thyroid  status.   No  significant  differences 
in  body  weights  were  seen  between  treated  euthyroid  and  untreated  euthyroid 
mice.   At  maturity,  hypothyroid  mice  had  only  75%  of  the  total  weight  gain 
of  euthyroid  mice  whether  they  were  treated  neonatally  or  not.   The  weights 
of  those  animals  maintained  as  hypothyroid  only  from  birth  until  weaning  did 
not  differ  significantly  from  the  weights  of  animals  which  were  euthyroid 
since  birth. 
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Animals  from  each  of  these  groups  were  killed  each  month  for  the  first 
six  months  of  life  and  their  whole-mounted  glands  scored  for  HAN.   While  no 
HAN  were  present  in  any  group  at  weaning  40%  of  the  Naf-treated  euthyroid 
animals  had  HAN  at  2  mon  of  age  with  nearly  all  animals  in  this  group  (27/28) 
having  HAN  and  3  mon  of  age  and  beyond.   Control  euthyroid  animals  remained 
free  of  HAN  until  6  month  of  age  when  only  33%  (4/12)  of  the  animals  had 
these  structures.   At  6  mon  of  age  all  E2~treated  euthyroid  (16/16)  animals 
had  HAN.   No  HAN  have  yet  been  found  in  6  mon  old  hypothyroid  animals  even  if 
the  hypothyroidism  was  reversed  at  weaning.   (Very  few  animals  observed  so 
far  -  work  in  progress. )  The  average  number  of  HAN  per  euthyroid  HAN-bear- 
ing  animal  at  6  mon  was  20.3  for  Naf-treated,  17.3  for  E2~treated  and  6.25 
for  controls. 

Animals  from  each  of  these  groups  are  being  observed  for  development 
of  mammary  tumors.   At  one  year,  the  euthyroid  Naf-treated  and  E2~treated 
groups  have  60  and  55%  tumor  incidence  respectively  while  the  euthyroid 
control  groups  has  44%  T.I.   The  control  and  Naf-treated  hypothyroid 
groups  have  2-4%  T.I.   Those  Naf-treated  animals  made  hypothyroid  only 
until  weaning  have  9%  T.I.  at  1  year.   These  studies  are  still  in  progress. 

While  the  data  are  still  being  collected,  we  are  tentatively  concluding 
that  mild  hypothyroidism  suppresses  HAN  and  mammary  tumor  formation  even  in 
animals  whose  tumor  potential  was  increased  by  neonatal  exposure  to  estrogen 
and  anti-estrogen.   It  is  also  possible  that  this  hypothyroid  period  need 
occur  only  during  the  pre-pubertal  period  in  order  to  have  this  suppressive 
effect. 

Various  characteristics  of  the  euthyroid  Naf-treated  and  E2~treated 
animals  were  also  examined.   At  3  mon  of  age,  all  Naf  and  E2-treated 
animals  had  cornified  vaginas,  while  the  controls  had  normal  estrus  cycles. 
Examination  of  the  serum  prolactin  (PRL)  levels  at  this  time  showed  that 
the  treated  animals  had  serum  PRL  concentrations  4  times  that  of  the  con- 
trols.  The  pituitaries  of  the  treated  animals  responded  similarly  to  con- 
trols when  stimulated  to  release  PRL  by  perphenazine  (2.5  to  3.0-fold 
increase).   Similarly,  treated  and  control  animals  all  showed  a  31  to  36% 
decrease  in  serum  PRL  levels  after  injection  with  2a-bromoergocryptine 
(CB154). 

Since  PRL  is  known  to  regulate  the  level  of  its  own  receptors,  liver 
lactogenic  receptors  in  control  and  treated  animals  were  examined  using 
both  oPRL  and  human  growth  hormone  (hGH)  as  ligand.   Since  no  valid  ex- 
change assay  for  mouse  lactogenic  receptors  is  available  only  the  unoccupied 
sites  were  examined.   We  observed  no  significant  difference  in  the  apparent 
affinity  constant  (Ka)  or  the  number  of  sites  (Ne)  in  all  three  groups  when 
receptors  were  examined  in  the  particulate  form  of  crude  membranes.   Cryptic 
binding  sites  were  examined  either  by  solubilizing  the  membrane  proteins 
with  Triton  X-100  or  by  altering  the  membrane  lipid  composition  with  endogen- 
ous membrane  bound  methyltransf erases  and  S-adenosyl-L -methionine  (SAM).   By 
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solubilization  control  livers  gave  an  11%  increase  in  total  binding  while 
livers  from  E2_treated  or  Naf-treated  mice  showed  56  and  59%  increases 
respectively.   Between  66-72%  of  all  membrane  proteins  and  80-85%  of  all 
binding  activity  were  solubilized  in  all  three  cases  thus  ruling  out 
differential  solubilization  as  the  cause  of  the  greater  increase  in  binding 
in  treated  livers.   When  control  virgin  membranes  were  treated  with  SAM  to 
reveal  crypic  binding  sites,  only  a  4-10%  increase  in  binding  was  seen.   In 
contrast,  hepatic  membranes  from  E2~treated  mice  showed  a  30-35%  increase 
in  the  number  of  sites.   When  membranes  from  mammary  glands  were  examined 
for  PRL  binding,  the  euthyroid  E2~treated  glands  showed  nearly  a  3-fold 
increase  in  binding  in  the  particulate  form  compared  to  similar  preparations 
of  euthyroid  control  glands. 

These  data  suggest  that  neonatal  exposure  to  anti-estrogens  as  well  as 
to  estrogens  can  lead  to  permanent  changes  in  the  levels  of  PRL  synthesized 
and/or  released  by  the  pituitary.   These  changes  are  reflected  in  the  levels 
of  lactogenic  receptors  in  the  livers  and  mammary  glands  of  the  treated 
animals.   The  elevated  serum  PRL  induces  the  lactogenic  receptors;  in  the 
liver  the  induced  receptors  are  primarily  in  a  cryptic  form  while  those  in 
the  mammary  gland  are  expressed. 

In  order  to  further  understand  the  regulation  of  PRL  binding  and  induc- 
tion of  cryptic  sites,  factors  affecting  hormone-receptor  interactions  were 
examined.   We  found  that  the  solubilized  hGH-receptor  complexes  prepared  in 
the  presence  of  10  mM  MgCl2  sediment  as  a  single  peak  on  sucrose  gradients. 
When  treated  with  EDTA  this  peak  disassociates  into  2  smaller  peaks.   Similar 
results  were  obtained  using  Sepharose  4B  columns.   The  estimated  molecular 
weights  are  150,000  and  300,000  daltons  suggesting  a  dimer  form.   The  aggre- 
gated hormone-receptor  complex  can  also  be  found  in  the  presence  of  Ca+^  or 
Mn+2. 

The  role  of  membrane  protein  aggregation  and  fluidity  in  lactogenic 
binding  was  further  investigated  by  using  the  lectin  Concanavalin  A  (ConA). 
The  binding  of  hGH  to  lactogenic  receptors  in  the  membrane  bound  vs.  the 
solubilized  form  was  examined  in  the  presence  of  Con  A.   The  binding  to 
membranes  was  inhibited  by  Con  A  to  about  40-50%  while  hGH  binding  to  the 
soluble  form  was  unaffected.   The  Con  A  inhibition  was  not  due  to  a  general 
effect  on  membrane  proteins  as  binding  of  bovine  growth  hormone  (bGH)  to 
the  somatogenic  binding  sites  on  the  membranes  was  unaffected.   This 
difference  in  sensitivity  of  lactogenic  vs.  somatogenic  sites  to  Con  A 
action  is  probably  due  to  a  lack  of  Con  A  binding  sites  on  the  somatogenic 
receptor.   Only  PRL-receptor  and  hGH  receptor  complexes  bind  to  Con-A- 
Sepharose  columns,  bGH-receptor  complexes  do  not. 

Solubilized  lactogenic  receptors  are  stable  from  pH  6-9  for  at  least 
20  hr  at  4°.   When  the  proteins  exposed  to  these  pH's  are  returned  to 
neutrality  and  tested  for  binding,  no  activity  was  lost.   When  the  binding 
reaction  was  run  at  various  pH's  however  a  broad  peak  was  seen  between  pH  7 
and  8  with  80-85%  of  the  activity  lost  at  pH  9.   Binding  of  lactogenic 
receptors  to  hormones  requires  a  hydrophobic  environment  such  as  the  native 
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membrane,  artificial  lipid  vesicles  or  a  non-ionic  detergent  such  as 
Triton  X-100.   Removal  of  Triton  from  the  soluble  receptor  results  in 
complete  and  irreversible  loss  of  binding  activity. 

From  these  data  we  conclude  that  protein-protein  interactions   are 
important  in  hormone-lactogenic  receptor  interactions.   The  lactogenic 
receptor  is  a  glycoprotein  containing  ct-D-mannopyranosyl,  a-D-gluco- 
pyranosyl  or  sterically  related  residues.   Binding  of  hormone  is  optimal 
when  the  receptor  is  in  a  membrane  or  hydrophobic  environment. 

These  observations  are  being  exploited  to  partially  purify  the  lacto- 
genic receptors  in  order  to  prepare  monoclonal  antibodies  against  them.   The 
solubilized  receptors  have  been  placed  on  a  DEAE-cellulose  column  at  pH  7.4 
and  eluted  with  a  gradient  from  0-0.4  M  NaCl  in  the  presence  of  0.1%  Triton. 
Lactogenic  binding  activity  elutes  at  0.1  M  NaCl.   The  active  fractions  can 
be  lyophilized,  stored  for  at  least  2  months  at  -20°  and  when  reconstituted 
in  the  presence  of  0.1%  Triton  retain  over  90%  of  binding  activity.   When 
placed  on  a  Con  A-Sepharose  column,  lactogenic  receptors  eluted  with  a 
gradient  of  0-0.5  M  a-D-methylmannoside  to  give  a  single  sharp  peak  of 
activity. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Prolactin-thyroid  interactions  are  important  in  growth  and  differentia- 
tion of  mammary  glands.   Altered  thyroid  status  may  be  implicated  in  changes 
in  risk  of  human  breast  cancer.   Our  studies  are  aimed  at  understanding 
whether  changes  in  thyroid  status  play  a  direct  or  indirect  role  in  mammary 
tumorigenesis.   We  also  wish  to  determine  if  there  are  critical  periods 
during  which  the  mammary  gland  is  particularly  sensitive  to  any  imbalance  in 
the  thyroid-prolactin  relationship.   Thyroid  hormones  are  known  to  regulate 
prolactin  action  through  control  of  lactogenic  receptors.   Therefore,  all 
aspects  of  prolactin  binding  and  control  of  exposed  as  well  as  cryptic  sites 
must  be  examined.   Preparation  of  monoclonal  antibodies  against  the  lacto- 
genic receptors  will  readily  allow  us  to  study  the  receptor  molecule  itself 
in  the  absence  of  the  hormone  and  thus  determine  if  lack  of  prolactin  bind- 
ing in  certain  mammary  tumors  is  due  to  lack  of  receptors  or  only  their 
existence  in  masked  forms.   Finally,  a  human  disease  syndrome  characterized 
by  vaginal  tumors  at  an  early  age  has  been  described  in  women  exposed  to 
exogenous  steroid  hormones  during  prenatal  development.   The  mouse  has  been 
used  as  a  model  system  for  this  situation.   Our  studies  are  designed  to  help 
understand  the  mechanism  by  which  such  neonatal  steroid  exposure  also 
enhances  mammary  tumor  incidence. 

Proposed  Course  of  Research:   We  will  continue  to  study  control  of 
lactogenic  receptors  by  thyroid  hormones.   Work  will  involve  studies  on 
membrane  composition  and  fluidity.   For  these  studies,  in  addition  to  animals 
in  various  thyroid  states,  we  will  use  animals  fed  essential  fatty  acid 
deficient  diets.   The  role  of  this  EFA  deficiency  in  formation  of  HAN  and 
tumorigenesis  will  be  studied  as  well  as  its  effects  on  the  animals' 
thyroid  status.   Transplantation  of  mammary  fragments  from  EFA-def icient 
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animals  into  normal  mammary  fat  pads  will  be  examined.   Similar  transplanta- 
tion studies  with  animals  in  various  thyroid  states  will  be  performed.   These 
studies  are  aimed  at  determing  whether  the  effects  of  the  EFA  deficiency  or 
altered  thyroid  status  are  irreversible.   The  effects  of  neonatal  hormone 
treatment  on  subsequent  hormone  responsiveness  of  the  mammary  glands  in  cul- 
ture will  be  examined.   Characterization  of  membrane  bound  and  nuclear  T3 
receptors  in  normal  mammary  tissue  and  tumors  arising  in  various  thyroid 
states  will  be  attempted.   A  monoclonal  antibody  against  lactogenic  receptors 
will  be  prepared. 
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2.  Bhattacharya,  A.  and  Vonderhaar,  B.K.   Thyroid  hormone  regulation  of 
prolactin  binding  to  mouse  mammary  glands.   Biochem.  Biophys.  Res. 
Commun.  88:   1405-1411,  1979. 

3.  Bhattacharya,  A.  and  Vonderhaar,  B.K.  Phospholipid  methylation  stimu- 
lates lactogenic  binding  in  mouse  mammary  gland  membranes.  Proc.  Natl. 
Acad.  Sci.  USA  76:   4489-4492,  1979. 

4.  Knazek,  R.A. ,  Liu,  S.C.,  Bodwin,  J.S.  and  Vonderhaar,  B.K.   Essential 
fatty  acids  are  required  in  the  diet  for  development  of  the  mouse 
mammary  gland.   J.  Natl.  Cancer  Inst.  64:   377-382,  1980. 

5.  Wicha,  M.S.,  Liotta,  L.A. ,  Vonderhaar,  B.K.  and  Kidwell,  W.R.   Effects 
of  inhibition  of  basement  membrane  collagen  deposition  on  proliferating 
rat  mammary  epithelium.    Dev.  Biol.   In  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Epidemiological  and  experimental  studies  have  implicated  dietary  fat  in 
the  development  of  mammary  tumors.   To  assess  the  possible  direct  effects 
of  lipids  on  mammary  cells,  the  affects  of  lipids  on  normal  and  neoplastic 
rat  mammary  cell  growth  in  culture  have  been  analyzed.   Saturated  fatty 
acids  were  found  to  inhibit  while  unsaturated  fatty  acids  stimulated  the 
growth  of  cells  from  either  source.   These  results  may  be  physiologically 
important  since  there  is  an  enrichment  of  total  unsaturated  fatty  acids  in 
the  glands  of  animals  given  perphenazine  to  stimulate  proliferation. 
Additionally,  mammary  tissue  has  been  shown  to  differ  in  the  amount  and 
types  of  free  fatty  acids  released  in  explant  culture  depending  on  whether 
it  contains  the  epithelial  component  or  not.   Less  unsaturated  fatty  acids 
are  released  into  the  medium  relative  to  saturated  fatty  acids  when  the 
epithelium  is  present  in  the  explanted  tissue.   These  results  suggest  that 
normal  mammary  epithelium  recruits  unsaturated  fatty  acids  needed  for  growth 
from  the  surrounding  adipose  tissue.   If  this  process  is  rate  limiting  for 
mammary  cell  growth  then  increased  dietary  lipids  may  directly  supply  the 
fatty  acids  to  the  epithelium  and  bypass  this  rate  limiting  process. 
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Methods  Employed:   Mammary  tissue  was  cleared  of  epithelium  by  cauteriza- 
tion of  the  nipple  and  surrounding  tissue  at  about  3  weeks  after  birth.   The 
opposite  gland  was  kept  intact  to  serve  as  a  control.   Aproximately  2  months 
later  the  normal  and  "cleared"  tissue  was  examined  for  fatty  acid  changes  in 
response  to  a  proliferating  stimulus  in  vivo  or  in  vitro  in  explant  culture. 
Free  fatty  acids  were  separated  by  thin  layer  chromatography  and  analyzed  by 
gas  chromatography  after  methylation  or  by  high  pressure  liquid  chromatography 
after  bromphenacylation. 

Major  Findings:   Fatty  acids  are  handled  differently  by  mammary  tissue 
depending  on  whether  the  epithelium  is  present  or  not.   Free  fatty  acids  have 
been  analyzed  in  "cleared"  and  "intact"  or  normal  mammary  tissue  following 
administration  of  perphenazine  to  induce  proliferation.   After  29  hrs 
stimulation  there  was  a  50-100%  drop  in  the  ratio  of  linoleic  acid  to 
palmitic  acid  in  the  free  fatty  acid  pool  in  the  intact  gland  compared  to 
the  cleared  gland.   These  results  are  consistent  with  a  stimulation  of 
adipocyte  lypolysis  in  response  to  perphenazine  treatment,  followed  by  a 
selective  utilization  of  linoleic  acid  only  if  the  epithelium  was  present 
in  the  gland. 

Studies  with  explants  of  intact  and  cleared  mammary  tissue  in  culture 
give  results  qualitatively  similar  to  those  above.   Intact  glands  either 
a)  released  more  saturated  than  unsaturated  fatty  acids  into  the  medium 
or  b)  metabolized  more  unsaturated  than  saturated  fatty  acids  or  c) 
readsorbed  more  unsaturated  than  saturated  fatty  acids  when  compared 
to  cleared  glands.   This  is  exemplified  by  the  changes  in  linoleic 
acid  vs.  palmitic  acid  released  into  the  culture  medium.   With  intact 
glands,  this  ratio  was  23  +  11%  lower  than  in  the  tissue  without  epithelium 
(cleared  glands)  and  was  seen  in  90%  of  the  paired  glands  analyzed. 
Among  the  unsaturated  fatty  acids  released,  linoleic  acid  was  maximally 
affected.   This  same  fatty  acid  was  best  at  promoting  the  growth  of 
mammary  epithelial  cells  in  culture.   Based  on  the  effects  of  perphenazine 
treatment  on  the  intact  vs.  cleared  glands  in  vivo,  it  appears  more 
likely  that  selective  readsorption  of  unsaturated  vs.  saturated  fatty 
acids  occurs  in  glands  in  which  the  epithelium  is  present. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
In  an  attempt  to  understand  the  promotion-like  effects  of  dietary  lipids 
in  the  development  of  mammary  cancer  we  have  begun  to  analyze  the  types 
and  quantities  of  fatty  acids  taken  up,  released  and  metabolized  by  the 
mammary  gland.   Studies  to  date  suggest  that  proliferating  glandular 
epithelial  cells  require  unsaturated  fatty  acids,  especially  essential 
fatty  acids,  and  that  these  are  actively  recruited  from  surrounding 
adipocytes  by  some  signal  from  the  stimulated  epithelium.   Should  this 
be  the  case  and  if  these  fatty  acids  are  rate  limiting  for  proliferation, 
dietary  fat  could  have  a  profound  effect  on  epithelial  cell  proliferating 
rate  and  consequently  on  the  expression  of  neoplastic  transformation. 
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Proposed  Course  of  Research:   The  proposal  regarding  epithelial  cell 
adipocyte  interaction  postubled  from  the  reported  observations  will  be 
assessed  more  directly  in  mixed  cell  culture.   Isolated  mammary  and  para- 
metrial  adipocyts  will  be  independently  co-cultivated  with  mammary  ductal 
and  alveolar  cells  and  the  effects  on  proliferation  of  the  latter  cells 
determined.   Continued  effort  will  be  directed  toward  the  analysis  of  the 
lipid  composition  and  metabolism  of  mammary  fat  in  various  physiological 
states  in  order  to  define  the  special  properties  of  the  mammary  fat  pad 
in  facilitating  mammary  epithelial  cell  growth. 

Publications: 

1.    Monaco,  M.E. ,  Kidwell,  W.R.  and  Lippman,  M.   Neurohypophysial  hormone 
responsive  cell  line  derived  from  a  7,12-dimethylbenz(a)anthracine 
induced  rat  mammary  tumor.   Biochem.  J.   188:  437-441,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  ..keywords)    .  ,  „PII  _.        ,     „    ..    ...       _u 

Treatment  of  Tiypophysectomized  female'  rate's  with  FSH  stimulated  the  synthesis 
of  prostaglandins  (PG)  by  ovarian  granulosa  cells.   This  dose  responsive  effect 
was  augmented  by  exogenous  hCG  and  was  observed  for  both  PGF2a  and  PGE.   Injec- 
tions of  hCG  and/or  PRL  had  no  effect  without  simultaneous  FSH  treatment. 
However,  infusion  of  PRL  into  FSH-  or  FSH/hCG-treated  animals  exerted  marked 
effects  on  PG  synthesis  depending  upon  the  circulating  levels  of  PRL  achieved. 
Physiologic  replacement  doses  doubled  the  amount  of  PGE  synthesized  whereas, 
supraphysiologic  doses  caused  a  90%  reduction.   This  biphasic  effect  was  not 
seen  in  PGF^  synthesis,  only  supraphysiologic  doses  achieving  a  75%  suppression. 
Concommitantly,  the  precursor  for  these  prostaglandins,  arachidonic  acid,  was 
shown  to  be  virtually  depleted  by  maintenance  of  the  hyperprolactinemic  state. 
Prostaglandins  are  extremely  potent  hormones  that  act  locally  and  have 
been  shown  previously  to  control  the  synthesis  of  ovarian  steroids  and  the 
ovulatory  process  itself.   The  observations  suggest  that  prolactin  exerts  its 
effects  through  the  PG  cascade  and  explains,  in  part,  the  mechanism  by  which 
infertility  occurs  in  hyperprolactinemic  women. 
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Project  Description: 

Methods  Employed:   Female  Sprague-Dawley  rats  are  hypophysectomized 
(HIFR)  at  21  days  of  age  and  implanted  subcutaneously  with  a  silastic-encased 
diethylsilbestrol  (DES)  pellet.   The  presence  of  high  concentrations  of  this 
estrogenic  substance  in  the  absence  of  gonadotrophins  stimulates  the  prolifera- 
tion of  granulosa  cells.   Dispersal  of  such  ovaries  can  be  achieved  by  forcing 
the  tissues  through  a  stainless  steel  wire  mesh  and  resuspending  the  granulosal 
isolates  in  incubation  buffer. 

An  assay  procedure  for  prostaglandin  E  and  F  has  been  devised  consisting 
of  organic  solvent  extraction,  silicic  acid  column  chromatography,  and 
radioimmunoassay. 

Major  Findings:   Patients  suffering  from  hyperprolactinemia  are  found  to 
be  anovulatory  and/or  amenorrheic.   The  reason  for  this  association  is 
unknown.   Studies  by  other  investigators  have  shown  that  the  absence  of  PGF2a 
within  the  ovarian  complex  prevents  release  of  the  ovum  in  such  a  manner  that 
would  permit  subsequent  successful  fertilization.   In  addition,  Prostaglandin 
E  has  been  shown  to  induce  neovascularization  when  implanted  in  the  cornea  of 
the  rabbit.   Other  studies  have  shown  that  follicular  neovascularization 
follows  the  ovulatory  surge  of  LH,  a  necessary  event  in  forming  the  well- 
vascularized  corpus  luteum,  and  that  women  suffering  from  hyperprolactinemia 
have  an  inadequate  luteal  phase.   These  observations  suggested  to  us  that 
prolactin  might  be  exerting  its  effects  on  the  ovary  through  modification 
of  the  PG  pathways  and  prompted  the  following  studies. 

Granulosa  cells  were  obtained  from  hypophysectomized,  immature,  female 
rats  that  had  been  treated  with  diethylstilbesterol  implants  and  various 
s.c.  injections   of  oFSH,  PMSG,  hCG,  and/or  oPRL.   Cell  suspensions  were 
incubated  at  37°G  for  2  hrs  +  10--*  M  indomethacin.   Prostaglandins  E  and  F ^  n 
were  extracted  from  the  suspensions,  partially  purified  by  chromatography 
on  silicic  acid  columns  and  then  quantitated  by  specific  RIA.   The  amounts 
of   PGE  and  PGF2a  synthesized  by  the  DES-treated  controls  ranged  from  10  to 
2000  pg/10°  cells  and  were  not  significantly  altered  by  treatments  with  a 
single  injection  of  5  I.U.  hCG  and/or  100  Pg  oPRL  every  4  hours  for  2  days 
prior  to  sacrifice.   Three  injections  of  100  ug  oFSH,  however,  markedly 
increased  the  rates  of  synthesis  of  PGE  and  PGF2a  up  to  2400  pg/10  cells 
and  5600  pg/10"  cells,  respectively.   These  rates  were  increased  still 
further  when  a  single  injection  of  hCG  was  added  to  the  FSH  treatment. 
Addition  of  hourly  injections  of  50  u g  oPRL  to  either  the  FSH  or  FSH  +  hCG 
schedule,  however,  decreased  the  synthesis  of  PGE  by  79-89%  and  PGF2a  by 
35-56%  during  the  two  day  treatment  period.   Graded  doses  of  0,  0.5,  5,  or 
50  \ig   oPRL  were  also  injected  hourly  for  48  hours  into  PMSG-hCG  treated 
animals.   This  revealed  that  PGE  synthesis  in  the  0.5  oPRL  group  was 
stimulated  2-fold  over  that  of  animals  receiving  no  oPRL  but  was  again 
suppressed  in  the  50  pg  group.   PGF^  synthesis  was  not  stimulated  by  any 
dose  of  oPRL,  rather,  being  suppressed  in  a  dose-responsive  fashion.   This 
indicates  that  the  normo-prolactinemic  and  hyperprolactinemic  states  modify 
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ovarian  steroidogenesis  and  the  ovulatory  process  by  either  accentuating  or 
suppressing  the  FSH-related  stimulation  of  prostaglandin  synthesis.   Previous 
studies  have  demonstrated  specific  PRL  receptors  on  granulosa  cells  obtained 
from  FSH-treated  animals. 

The  above  studies  indicate  that  prolactin  modifies  the  synthesis  of 
prostaglandin  in  the  PRL-responsive  ovary.   This  may  be  the  mechanism  through 
which  prolactin  acts  and  may  also  prove  to  be  the  physiologic  mechanism  of 
action.   Extension  of  these  observations  to  other  PRL-responsive  tissues  is 
currently  under  investigation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Knowledge  of  the  mechanism  by  which  prolactin  acts  upon  the  ovary  will 
enhance  our  understanding  of  the  role  of  this  mammotrophic  hormone  in  the 
development  of  both  mammary  carcinomata  and  pathologic  states  which  pre- 
dispose individuals  to  its  occurrence. 

Proposed  Course  of  Research:   The  prolactin-induced  changes  in  ovarian 
morphology  and  steroidogenic  capacity  will  be  studied  in  the  HIFR  model. 
Detailed  studies  of  granulosa  cells  subjected  to  various  hormone  manipula- 
tions will  be  studied  in  detail  with  special  attention  to  alterations  in 
the  enzymes  and  intermediates  within  the  prostaglandin  cascade. 

Publications: 

1.  Ross,  G.T.,  Hillier,  S.G. ,  Zeleznik,  A.J.  and  Knazek,  R.A. :   Gonadotro- 
pin and  steroid  hormone  interactions  in  ovarian  follicle  growth, 
atresia,  and  steroid  hormone  synthesis.   In  Klopper,  A.,  Lerner,  L. , 
van  der  Molen,  H.J.  and  Sciarra,  F.  (Eds.):   Research  on  Steroids: 
Proceedings  of  the  VIII  Meeting  of  the  International  Study  Group  of 
Steroid  Hormones.   Rome,  Italy,  London,  Academic  Press,  Vol.  3, 

1979,  pp.  185-192. 

2.  Zeleznik,  A.J.,  Hillier,  S.G. ,  Knazek,  R.A. ,  Ross,  G.T.  and  Coon,  H.G. : 
Production  of  long-term  steroid-producing  granulosa  cell  cultures  by 
cell  hybridization.   Endocrinology  105:  156-163,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  interactions  of  Sendai  virus  with  human  erythrocyte  membranes  were 
observed  and  interpreted.   Sites  of  attachment  of  Sendai  virus  were  located 
by  f reeze-etching  techniques.   The  fusion  of  erythrocytes  induced  by 
Sendai  virus  originates  in  formation  of  intercellular  plasmodesmata  and  a 
polymorphic  network  of  membrane  tubules. 
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Project  Description: 

Methods:   Sendai  virus  is  harvested  early  or  late  from  allantoic  fluid 
and  clarified  by  centrifugation.   Then  it  is  incubated  with  washed  human 
erythrocytes  and  incubated  for  one  hour  at  40°C  and  for  1  to  60'  at  37°C. 
Tissue  is  processed  for  freeze-fracture,  freeze-etching  and  thin  section 
electron  microscopy. 

Major  Findings:   The  early  interaction  of  Sendai  virus  with  the  erythro- 
cyte involves  binding  of  virus  to  glycophorin  molecules  intercalate  into  one 
erythrocyte  membrane.   Localization  of  viral  binding  sites  was  determined  by 
freeze-etching  experiments.   Binding  of  the  virus  results  in  the  formation  of 
membrane  indentations  which  disappear  upon  incubation  at  37°C.   Fusion  of  the 
virus  consists  of  incorporating  the  viral  membrane  into  the  erythrocyte  mem- 
brane.  Analysis   of  the  freeze-fracture  morphology  of  human  erythrocytes 
during  Sendai  virus-induced  fusion  indicates  that  it  occurs  in  several  spots 
within  regions  of  close  membrane  proximity  and  results  in  formation  of 
plasmodesmata  which  provides  cytoplasmic  continuity.   Radial  expansion  of 
the  plasmodesmata  causes  the  formation  of  a  polymorphic  network  of  membrane 
tubules  with  a  lumen  continuous  with  the  external  space.   Further  expansion 
is  probably  made  at  the  expense  of  this  tubular  network  which  eventually 
ruptures  and  is  reabsorbed  into  the  membrane  and/or  lost  as  membrane  remnants 
within  the  cytoplasmic  space.   Our  results  are  best  explained  assuming 
that  the  virus  particles  do  not  directly  participate  in  intermembrane  fusion, 
fusion. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Cell  surfaces  are  directly  responsible  for  many  membrane  interactions,  includ- 
ing membrane  fusion  which  mediates  most  secretory  mechanisms  as  well  as  many 
viral  infections  of  cells. 

It  is  considered  that  the  abnormal  behavior  of  cancer  cells  is  reflected 
to  a  large  degree  by  altered  characteristics  of  their  cell  surface  and  thus 
their  plasma  membrane.   Therefore,  studying  the  structure  and  function  of 
biological  membranes  in  general  will  give  a  better  understanding  of  the  basic 
biological  processes  of  cancer  cells. 

Proposed  Course  of  Research:   Project  terminated. 

Publications: 

1.   Pinto  da  Silva,  P.,  Shimizu,  K.  and  Parkison,  C.   Fusion  of  human 

erythrocytes  induced  by  Sendai  Virus:   freeze-fracture  observations. 
J.  Cell  Sci.   In  press. 
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SUMMARY  OF  WORK  (200  words  op  less  -  underline  keywords) 
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are  observed  during  differentiation.   Freeze-f racture  analysis  is  used  to 
determine  the  processes  of  myelin  formation.   Hexagonal  particle  rosettes  are 
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Project  Description: 

Objectives :  To  study  the  mechanism  of  formation  of  myelin  and  the 

structural  basis  for  possible  functional  interactions  between  the  cytoplasm 

of  Schwann  cells  and  the  axoplasm.   To  observe  the  axolemma  of  non-myelineated 

axons  and  search  for  possible  cytoplasmic  communication  between  neighboring 
axons • 

Methods  Employed:   Rat  sciatic  and  optic  nerves  are  excised,  fixed  and 
freeze-fractured.  Age  of  animals  1,  3,  7,  15  days.   Garfish  olfactory  nerves 
are  dissected,  fixed  and  freeze-fractured.   Replicas  are  observed  with  the 
electron  microscope. 

Major  Findings:   No  new  findings.   Project  temporarily  interrupted. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  investigation  of  structure  and  function  of  membrane  is  important  to 
understand  intercellular  communication  in  normal  and  transformed  cells  and 
many  other  cellular  processes  at  the  level  of  the  plasma  membrane  and 
chemistry  of  surfaces  of  normal  and  cancerous  cells.   Myelination  can  be  a 
useful  model  to  understand  several  aspects  of  demyelinating  diseases  and 
secondary  nervous  lesions  in  cancer  and  metabolic  disease. 

Proposed  Course  of  Research:   Manuscript  being  prepared  by  Dr.  Rodman 
Miller  in  Dept.  de  Morphologie  and  Institut  d'Histologie  et  d'Embryologie 
Ecole  de  Medicine,  in  Geneva,  Switzerland.   No  new  experiments  envisaged. 

Publications: 

None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  freeze  fracture  survey  of  a  prostate  gland  is  made  for  the  first  time. 
Our  objectives  include:  1)  the  preparation  of  a  description  of  cells  in 
the  prostate  gland,  2)  their  changes  under  different  conditions  of  fixa- 
tion, 3)  the  observation  of  membrane  events  related  to  secretory  processes, 
4)  the  elucidation  of  temperature  and  fixation  related  structural  altera 
tions  of  the  membranes  of  the  endoplasmic  reticulum  and  nuclear  envelope 
and  5)  the  study  of  rapid  changes  of  the  functional  complex  of  the 
epithelial  cells  under  controlled  experimental  conditions. 
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Project  Description: 

Methods:   Rat  ventral  prostate  gland  is  dissected,  fixed,  impregnated 
in  30%  glycerol  and  f reeze-f ractured.   Platinum-carbon  replicas  are  observed 
with  the  electron  microscope. 

Major  Findings:  Freeze-fracture  morphology  of  the  prostate  columnar 
epithelial  cells  was  investigated.   The  freeze-fracture  technique  is  utilized 
to  reinvestigate  the  epithelial  organization  and  the  morphology  of  the 
different  cell  zones  in  the  rat  ventral  prostate.   The  architecture  of  the 
apparatus  of  synthesis,  intracellular  transport  and  secretion  is  described. 
Formation  of  secretory  granules  appears  to  be  limited  to  the  apical  zone 
and  to  bypass  the  Golgi  region.   Different  schedules  of  fixation  demonstrate 
membrane  changes  (e.g.:   displacement  of  particles;  tight  and  gap  junction 
proliferation). 

Membrane  events  during  apocrine  and  merocrine  secretion  of  rat  ventral 
prostate  epithelial  cells  were  analyzed  by  freeze-fracture.   Early  morphologi- 
cal manifestation  of  both  secretory  modes  involves  focal  clearance  of 
microvilli  characterized  by  their  progressive  inclination  and  attenuation 
over  the  apical  membrane.   Merocrine  secretion  includes  invasion  of  the 
apical  microfilament  web  by  the  secretory  vesicle  and  clearance  of 
membrane  particles  at  the  site  of  its  interaction  with  the  apical  plasma- 
lemma.   During  apocrine  secretion,  a  portion  of  the  plasma  membrane  cleared 
of  microvilli  projects  into  the  lumen.   Growth  of  the  projection  is 
accompanied  by  a  progressive,  but  partial,  clearing  of  membrane  particles 
and  results  in  the  formation  of  a  large  bleb  containing  dilated  endoplasmic 
reticulum  cisternae.   Completion  of  the  process  involves  "degeneration"  of 
the  bleb  and  its  release  by  constriction  of  a  neck,  and,  possibly,  fusion 
of  vesicular  or  tubular  structures.   Swelling  and  blebbing  of  microvilli 
are  shown  to  be  preparation  artifacts. 

When  carried  out  at  4°C  in  contrast  to  37 °C,  glutaraldehyde  fixation 
for  routine  freeze-fracture  specimen  preparation  results  in  displacement 
of  membrane  particles  of  epithelial  cells  of  rat  ventral  prostate. 
Particle-free  areas  are  observed  in  endoplasmic  reticulum  (ER),  nuclear 
envelope,  and  Golgi  membranes;  particle  aggregation  is  observed  in  lateral 
and  basal  portions  of  the  plasma  membrane.   Multilamellar  arrangement  of 
lipids  can  be  observed  in  some  of  the  large  particle-free  areas.   Thin 
section  observation  indicates  that  in  the  ER,  particle-free  areas  coexist 
with  segregation  of  cytoplasmic  ground  substance  from  the  membrane  surfaces. 
Particle-free  patches  are  also  observed  in  the  ER  membranes  of  pancreatic 
tissue  fixed  at  4°C. 

Interactions  between  the  plasma  membrane  of  the  different  cell  types/the 
basal  lamina  and/or  fiber  network  are  investigated  on  the  extensive  face 
views  of  membranes.   A  variety  fo  fixation  procedures  are  used  as  well  as 
thin  section  of  the  tissues.   Numerous  pits  and  blebs  in  the  plasma  membrane 
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and  free  vesicles  represent  material  originally  organized  in  the  cell 
structure  and  released  during  fixation  and  specimen  preparation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Prostate  cancer  is  one  of  the  most  prevalent  cancers  in  man.   Considerable 
efforts  have  been  devoted  to  the  study  of  the  structure  at  the  electron 
microscopic  level  of  normal  and  malignant  prostatic  tissues.   Most  previous 
studies  have  used  conventional  thin  sectioning.   We  attempt  for  the  first 
time,  to  study  with  freeze-fracture,  the  morphology  and  dynamics  of  the  mem- 
branes of  the  normal  prostate.   This  step  will  be  followed  by  a  comparative 
study  of  prostatic  carcinoma  in  order  to  evaluate  the  similarities  and 
differences  with  their  normal  counterpart. 

Proposed  Course  of  Research:  Rapid  proliferation  of  the  junctional 
complex  at  the  lateral  membranes  of  epithelial  cells,  observed  after 
excision  of  prostatic  tissues,  is  utilized  as  an  experimental  model 
for  studying  _in  vitro  the  disassembly  and  reassembly  of  tight  and  gap 
junctions.   The  effect  of  different  variables  such  as  temperature, 
ionic  strength,  pH,  Ca"1-1"  and  substances  utilized  during  specimen 
preparation  (fixatives  and  crioprotectants)  are  evaluated  in  freeze-fracture 
replicas. 

Publications: 

1.  Kachar,  B. ,  Serrano,  J. A.  and  Pinto  da  Silva,  P.   Particle  displacement 
in  epithelial  cell  membranes  of  rat  prostate  and  pancreas  induced  by 
routine  low  temperature  fixation.   Cell  Biol.  Int.  Reports.   In  press. 

2.  Kachar,  B.  and  Pinto  da  Silva,  P.   Freeze-fracture  study  of  rat  ventral 
prostate  secretory  mechanisms  in  the  epithelial  cell. 

Anatomical  Record.   In  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Freeze-etch  electron  microscopic  observation  of  platelets  during  clot  formation 
reveals  aspects  of  the  formation  and  growth  of  the  fibrin  network. 
Investigation  of  possible  structural  alterations  of  platelet  plasma  membranes 
at  different  temperatures,  hydrogen  ion  concentrations  and  during  clot  formatioji 
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Project  Description: 

Methods :   Human  platelets  are  isolated  and  processed  for  f reeze-f racture : 
i.e.,  fixed,  impregnated  in  glycerol,  frozen  and  f reeze-f ractured.    In  other 
samples  the  fracture  of  clots,  previously  induced,  and  the  specimens  are 
processed  in  a  similar  way.   After  f reeze-f racture  the  frozen  fractured  speci- 
mens are  exposed  to  a  long  period  of  sublimation  (deep  freeze-etching). 
Platinum/carbon  replicas  are  observed  with  the  electron  microscope. 

Derivatized  ferritin  of  high  isoelectric  point  (cationized  ferritin)  is 
used  to  label  anionic  sites  at  the  platelet  surface  and  ionized  at  different 
hydrogen  ion  concentrations.   Colloidal  iron  treatment  of  platelets  is  used 
to  determine  the  distribution  of  highly  acidic  surface  sites  (sialic  acid). 
Analysis  of  the  mode  of  distribution  of  anionic  sites  is  made  through  the 
observation  of  thin  sections  with  the  electron  microscope. 

Major  Findings:   The  search  for  experimental  conditions  leading  to 
structural  alterations  of  the  platelet  plasma  membrane  is  in  progress. 
Intramembranous  particles  observed  on  the  B  face  can  aggregate,  contrary  to 
those  of  the  A  face,  whose  distribution  remains  unchanged.   This  suggests 
independent  displacement  of  integral  membrane  components  associated  with 
each  membrane  half. 

The  cause  for  this  particle  aggregation,  thought,  at  first,  to  be 
related  to  the  acidity  of  the  medium  is,  at  present,  poorly  understood.   It 
may  represent  an  early  stage  of  degenerative  process  and  may  also  be  related 
to  the  early  stages  in  the  formation  of  the  blood  clot. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  project  is  not  primarily  related  to  cancer.   However,  coagulation  alter- 
ations are  not  unusual  in  cancer  patients,  although  the  exact  link  is  still 
poorly  understood.   Some  defects  related  to  fibrinogen  polymerization  occur 
frequently  in  cancer  patients  and  more  information  is  needed  to  understand 
and  control  this  paraneoplastic  event. 

Proposed  Course  of  Research:   To  assemble  and  evaluate  experimental  data 
necessary  for  the  preparation  of  a  manuscript  and/or  further  experimentation. 

Publications: 

None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Thin  section  observation  of  Pythophthora  palmivora  zoospores  reveals  the 
presence  of  electron  dense  deposits  at  the  zones  of  membrane  fusion.   These 
deposits  represent  the  sites  of  secretion  related,  calcium  binding  substrates, 
probably  a  calcium  binding  protein. 
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Project  Description: 

Objectives :   To  elucidate  the  role  of  calcium  in  the  process  of  fusion 
of  biological  membranes  and  to  understand  other  structural  aspects  of  the 
mechanisms  of  membrane  fusion.   To  search  for  the  existence  of  secretion 
related,  calcium  binding  substrates. 

Methods  Employed:   P.  palmivora  zoospores  are  harvested,  washed  and 
induced  to  encyst  under  a  variety  of  mechanical  and  ionic  conditions.   Encyst- 
ing zoospores  are  fixed  and  prepared  for  thin  section  electron  microscopy. 

Major  Findings:   The  thin  section  morphology  of  calcium-triggered, 
encysting  populations  of  P^_  palmivora  zoospores  was  analyzed.   Fixation  in 
calcium-containing  glutaraldehyde  resulted  in  the  formation  of  osmiophylic 
electron-dense  deposits  in  specific  areas.   The  deposits  were  generally 
associated  with  the  cytoplasmic  regions  neighboring  the  areas  of  fusion 
of  peripheral  vesicles  with  the  plasma  membrane.   Intermittent  deposits 
were  observed  on  the  cytoplasmic  surface  of  the  plasma  membrane  and  flat 
vesicles.   They  also  filled  the  space  of  collapsed  endoplasmic  reticulum 
cisternae,  and  were  intermittent  within  the  exoplasmic,  intermembrane 
spaces  of  mitochondria.   The  deposits  were  not  present  in  cysts,  and  could 
be  removed  by  the  incubation  of  the  cells  in  EGTA  after  fixation.   Our 
results  indicate  that  the  deposits  represent  calcium-binding,  osmiophylic 
sites  probably  related  to  the  sequence  of  secretory  events,  namely  the 
fusion  of  peripheral  vesicles  with  the  plasma  membrane  and  release  of 
cell  wall  precursors.   The  presence  of  the  deposits  within  the  exoplasmic 
paces  of  mitochondria  and  endoplasmic  reticulum  is  seen  as  a  reflex  of 
the  role  of  these  organelles  in  the  Ca-mediated  processes  of  secretion. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Membrane  fusion  is  a  frequent  and  important  event  in  the  biology  of  cells.  It 
mediates  not  only  most  secretory  processes  but  also  other  important  phenomenon 
such  as  the  formation  of  secondary  lysosomes  as  well  as  endocytotic  events. 
The  study  of  plasma  membranes,  their  structure,  dynamics  and  interactions, 
is  important  to  understand  the  biology  of  the  normal  cell  and  serve  as 
a  basis  for  comparison  with  pathological  states  including  cancer. 

Proposed  Course  of  Research:   Project  terminated. 

Publications : 

1.   Hemmes,  D.  and  Pinto  da  Silva,  P.   Localization  of  secretion  relateds 
calcium  binding  substrates  in  encysting  zoospores  of  Phytophthora 
palmivora.   Biologie  Cellulaire.   In  press. 
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SUMMARY   OF   WORK   (200  words  or  less  -  underline   keywords) 

The  long  range  objective  of  this  project  is  to  investigate  the  function  and 
properties  of  melanin  DNA  in  murine  melanomas.   The  initial  aim  is  to  purify 
the  various  DNA's  from  the  nuclear,  mitochondria  and  melanin  granules ,  and 
characterize  these  with  respect  to  melting  points,  density  in  CsCl  and 
sedimentation  coefficients.   Nucleic  acid  hybridization  studies  will  be  used 
to  determine  the  degree  of  purity  and  interrelatedness  between  species, 
particularly  with  respect  to  the  melanin  DNA.   The  function  of  this  latter 
DNA  species  will  then  be  elucidated. 
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Project  Description: 

Major  Findings:   Previous  investigators  (Schneider,  Shelton  and  Kuff; 
J.  Natl.  Cancer  Inst.  55:665,  1975)  have  shown  that  a  species  of  extranuclear 
DNA,  different  from  that  of  either  the  nucleus  or  mitochondria,  exists  in  the 
melanin  granules  of  melanin  producing  cells;  this  DNA  was  also  found  to  be 
actively  incorporating  ^C-labelled  thymidine.   The  questions  which  naturally 
arise  are  1)  how  closely  related  is  the  melanin  species  to  the  others  found 
in  the  cell  and  2)  what  is  its  function.   In  this  respect,  it  is  interesting 
to  note  that  tyrosinase  is  thought  to  be  the  only  enzyme  present  in  the 
granules.   The  source  material  for  our  studies  is  the  B-16  melanoma  grown 
subcutaneously  from  a  single-cell  suspension  in  C57/blk  mice.   Since  the 
purified  DNA  species  are  a  prerequisite  to  our  successful  studies,  much  of 
our  program  has  been  oriented  in  this  direction.   After  sacrificing  the 
animal,  the  tumor  and  liver  are  removed,  homogenized  in  ice-cold  Tris-HCL/ 
sucrose/BSA  buffer  and  taken  through  a  parallel  series  of  washings  designed 
to  separate  the  nuclear  fraction  from  that  of  the  mitochondria  and 
melanin  granules. 

The  mitochondria  and  melanin  are  then  separated  in  a  shallow  discontin- 
uous phosphate-buffered  sucrose  gradient  by  isopycnic  centrifugation.   The 
mitochondria  bands  are  separated  from  the  melanin  pellet  and  washed  again 
with  phosphate/sucrose  buffer.   Both  nuclear  fractions  are  washed  in  Mg2S04/ 
sucrose/triton  X-100.   All  the  fractions  from  the  liver  and  melanoma  are 
then  suspended  in  a  solution  of  urea/sodium  1#  phosphate  buffer/SDS  and  incu- 
bated overnight  at  61°C  in  the  presence  of  proteinase  K,  which  aids  in  the 
degradation  of  bound  protein.   The  DNA  is  then  purified  by  a  combination  of 
systems  including  1)  extraction  of  protein  and  lipids  with  chloroform/ 
phenol/ isoamyl  alcohol;   2)  ether  extraction  of  excess  phenol  and  3)  the 
chromatographic  isolation  of  double  stranded  DNA  off  hydroxyapatite,  a 
step  elution  process.   Concerned  with  the  possibility  of  contamination  by 
cytoplasmic  DNA  and  RNA,  some  experiments  were  also  conducted  whereby  all 
the  fractions  were  incubated  in  the  presence  of  both  DNase  and  RNase. 

Project  1: 

Each  of  the  DNA  species  was  subjected  to  a  limited  characterization. 
Melting  points  for  both  nuclear  and  melanin  DNA  were  shown  to  be  approxi- 
mately 86°C  whereas  the  mitochondrial  DNA  melted  at  a  slightly  lower 
temperature  of  84.5°C.   Density  studies  in  a  CsCl  gradient  indicated  a 
G-C  ratio  of  44.6%  for  nuclear  and  melanin  DNAs,  and  41%  for  the  DNA  of 
mitochondria.   Results  of  studies  with  sucrose  gradients  although  incon- 
clusive, did  indicate  a  fragmentation  of  all  three  DNA  species  during  the 
purification  procedure;  this  was  expected  considering  the  conditions  of 
the  final  purification  process.   The  degree  of  contamination  by  mitochondria 
of  the  final  melanin  pellet,  as  judged  by  succinic  dehydrogenase  activity 
ranged  from  0-5  percent.   Burton  analysis  of  samples  from  the  different 
purification  steps  indicated  that  approximately  20-30  percent  of  the  total 
DNA  of  the  homogenized  cells  was  located  in  the  cytosol.   Of  that,  about 
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8  percent  was  in  the  melanin/mitochondrial  fraction.   DNA  was  found  to  be 
present  in  the  melanin  granules;  in  all  cases,  the  quantity  was  either  equal 
to  or  greater  than  that  found  in  the  mitochondria.   Exposure  of  the  nuclear, 
mitochondrial  and  melanin  fractions  to  DNase/RNAse  resulted  in  a  loss  of  up 
to  70  percent  of  DNA  content  in  each  case,  even  after  only  10  minutes 
incubation  at  3°C.   Hybridization  experiments  with  purified  -^H-thymidine- 
labelled  DNA's  as  probes  showed  that  tumor  nuclear  DNA  reassociated  at  a 
C  t  value  of  5.6  X  10  ,  while  the  species  purified  from  the  melanin  granules 
reassociated  at  a  lower  C  t  value  of  2.2  X  10  .   When  labelled  melanin  DNA 
was  hybridized  with  100-fold  excess  cold-nuclear  DNA,  the  C0t  value,  as 
measured  from  the  inflection  of  the  curve  was  reduced  to  65.   The  data, 
therefore,  indicate  that  the  two  DNA  species  from  the  tumor  may  be  different, 
but  that  gene  copies  of  the  melanin  granules  DNA  are  probably  incorporated 
within  the  nuclear  fraction.   Neither  the  mitochondrial  DNA  species  nor 
the  controls  from  the  murine  liver  have  yet  been  investigated. 

Project  2: 

As  a  result  of  our  purification  studies,  i.e.,  the  separation  of  melanin 
granules  from  the  mitochondria  in  a  sucrose  gradient,  clearly  three  separate 
bands  of  mitochondria  were  obtained — two  heavy  and  one  light  band.   Prelimi- 
nary results  show  that  all  possess  succinic  dehydrogenase  activity,  but  the 
activity  of  the  heavy  band  appears  to  be  less  stable  under  various  experi- 
mental conditions.   Furthermore,  the  specific  activities  of  the  heavy  and 
light  bands  as  judged  by  -^H-thymidine  incorporation  varied  as  much  as  10-fold. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
It  is  becoming  more  apparent  that  DNA  is  present  not  only  in  the  nucleus  of 
cells,  but  is  ubiquitous  in  the  cytosol  as  well.  However,  little  is 
known  about  the  actual  biological  function  or  purpose  of  these  DNAs.  It  is 
important,  therefore,  to  discover  how  these  various  species  interact  within 
the  cell,  and  in  particular,  within  the  neoplasm,  and  more  importantly,  how 
they  are  being  regulated. 

Proposed  Course  of  Research:   The  proposed  research  has  been  suspended 
pending  completion  of  a  detail  assignment. 

Publications: 

None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Solid  mammary  tumors  are  induced  in  nude  mice  by  s.c.  injections  of  the 
human  breast  cancer  cell  lines  MCF-7  or  ZR-75.   Tumor  induction  and  metastases 
to  lungs,  liver  and  spleen  by  MCF-7  cells  are  insulin-dependent  and  estrogen- 
dependent.   Prevention  of  metastases  and  tumor  regression  can  be  obtained  by 
the  simultaneous  estrogen  withdrawal  (ovariectomy)  and  treatment  with  the 
antiestrogen  tamoxifen.   Effective  tumor  regression  can  also  be  obtained  with 
the  simultaneous  estrogen  deprivation  and  insulin  withdrawal  (induction  of 
diabetes  with  streptozotocin).   MCF-7  cells  secrete  into  the  culture  media 
plasminogen  activator  and  collagenases  able  to  lyse  type  I  and  IV  collagens. 
These  enzymes  are  under  positive  regulation  by  insulin  and  estrogen.   We  are 
investigating  the  in  vitro  -  in  vivo  relationship  between  these  biochemical 
effects  of  the  hormones  and  their  control  over  mammary  tumor  growth.   We  have 
also  designed  experiments  on  combined  endocrine  and  chemo therapeutic  protocols 
that  lead  to  effective  tumor  regression. 
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Project  Description: 

Objectives :   1)  To  identify  the  hormonal  requirements  for  the  induction 
of  human  solid  breast  tumors  in  nude  mice  and  the  progression  of  the  disease 
(metastasis);  2)  to  identify  the  mechanism  of  hormone  action  by  extrapolating 
between  iri  vitro  and  _in  vivo  (nude  mice)  environments  whereby  the  host- 
related  determinants  that  could  influence  tumor  growth  are  also  considered, 
and  3)  to  utilize  the  results  obtained  from  the  above  as  a  basis  for  endocrine 
additive  and  ablative  therapy  and  to  combine  endocrine  and  chemotherapies  for 
the  induction  of  tumor  regression. 

Methods  Employed:   The  human  breast  cancer  lines  MCF-7  and  ZR-75  were 
used  for  the  induction  of  tumors  in  athymic  nude  mice.   Dependence  on  or 
stimulation  by  hormones  was  tested  by  either  hormone  withdrawal  (surgical 
removal  of  endocrine  tissues)  or  hormone  administration  through  injection  or 
by  placing  a  hormone  pellet  in  the  suprascapular  region  of  the  host  mouse. 
Metastases  was  monitored  by  histology  and  invasiveness  of  cultured  cells  into 
agar  was  tested  by  a  method  developed  by  L.  Liotta. 

Hormonal  effects  were  also  studied  in  the  continuous  culture  and  in 
primary  cultures  derived  from  the  enzymatic  (collagenase:  hyaluronidase) 
dissociation  of  MCF-7  tumors. 

Major  Findings: 
1.   A  100%  take  was  obtained  within  7  days  following  inoculation  of 
2  x  10"  actively  growing  (log  phase)  MCF-7  cells  into  the  mammary  fat  pad  of 
intact,  athymic  nude  mice,  BALB/c  strain. 

Tumors  failed  to  develop  in  ovariectomized  mice  or  in  mice  made  diabetic 
with  streptozotocin  and  observed  for  90  days  after  cell  inoculation,  even 
with  an  inoculum  of  20  x  10°  cells/mouse.   A  100%  incidence  of  tumors  was 
obtained  in  nudes  that  were  either  hypophysectomized  or  made  diabetic  but 
received  injections  of  2  I.U.  insulin/day/mouse.   A  100%  incidence  of  tumors 
was  also  obtained  in  ovariectomized  mice  that  receive  178 -estradiol  in  the 
form  of  a  pellet  placed  subcutaneously  in  the  interscapular  region  at  the 
time  of  cell  inoculation.   Palpable  tumors  also  developed  in  ovariectomized 
nudes  treated  with  prolactin,  perphenazine,  estrone  or  estriol  but  no  takes 
were  observed  in  ovariectomized  mice  treated  with  progesterone,  dihydrotes- 
tosterone  or  hydrocortisone. 

Growth  of  the  MCF-7  tumor  was  stimulated  5  to  6-fold  in  both  intact 
and  hypophysectomized  mice  that  received  a  178-estradiol  pellet. 

Removal  of  the  173-estradiol  pellet  from  tumor-bearing  ovariectomized 
nudes  failed  to  induce  tumor  regression.   Tumors  that  continued  to  grow  in 
ovariectomized  mice  deprived  of  176-estradiol  regressed  by  _>50%  of  their 
initial  volume  when  tamoxifen  was  injected  for  7  days  at  5  Mg/mouse/day. 
When  tamoxifen  was  substituted  by  cyclic  AMP  (5  mg/mouse/day)  +  theophylline 
(1  mg/mouse/day),  tumor  growth  arrest  was  observed  during  the  2  to  3-week 
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period  of  treatment.   Streptozotocin-induced  diabetes  in  tumor-bearing  mice 
always  resulted  in  complete  tumor  regression  following  a  3-week  period  of 
treatment. 

2.  The  MCF-7  human  breast  cancer  cell  line  is  growth-unresponsive  to 
estrogen  in  culture.   Paradoxically,  growth  and  solid  tumor  formation  by 
these  cells  in  nude  mice  are  dependent  on  estrogen.   Tumors  fail  to  develop 
in  ovariectomized  mice,  but  do  develop  in  intact  mice,  and  in  ovariectomized 
mice  given  estrogen.   Primary  cultures  derived  from  MCF-7  tumors  revert  to 
estrogen  unresponsiveness.   However,  tumor  formation  by  these  cultures  re- 
transplanted  in  nudes  requires  estrogen.   The  estrogen  binding  capacity  and 
affinity  of  the  continuous  culture,  the  solid  tumor  and  the  primary  cultures 
therefrom,  are  similar.   This  suggests  that  mammary  growth  _in  vivo  is  subject 
to  inhibition  that  can  be  overcome  by  estrogen. 

3.  MCF-7  tumors  are  able  to  metastasize  to  lungs,  liver  and  spleen.   17  &- 
estradiol  treatment  increases  both  growth  rate  and  frequency  of  metastases. 
Castration  or  diabetes  prevent  metastasis  formation  but  treatment  with 
estrogen  or  insulin  restores  the  metastasizing  capacity. 

MCF-7  cells  secrete  into  the  culture  media  collagenases  able  to  lyse 
types  1  and  IV  collagens.   Estrogen  or  insulin  addition  to  the  cultures 
enhance  collagenase  production.   These  studies  were  conducted  in  collabora- 
tion with  L.  Liotta. 

4.  Insulin,  which  activates  several  metabolic  pathways  in  MCF-7  human 
breast  cancer  cells,  can  also  increase  the  cytotoxic  effect  of  methotrexate 
10,000  fold.   This  enhanced  cytotoxicity  is  not  due  to  an  increased 
Intracellular  drug  level.   These  studies  were  conducted  in  collaboration 
with  0.  Alabaster  and  B.  Vonderhaar. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  hormonal  environments  required  by  human  breast  cancer  cells  MCF-7  to 
produce  solid  tumors  and  induce  their  regression  in  nude  mice  have  been 
outlined.   The  results  suggest  that  host-tumor  interactions  as  well  as 
hormone  responsiveness  of  human  breast  cancer  can  be  studied  in  the  nude 
mouse  system.   The  studies  also  revealed  that  mammary  growth  ^n  vivo  may 
be  subject  to  Inhibition  that  can  be  overcome  by  estrogen  thus  introducing 
a  new  perspective  for  studying  the  mechanism  of  sex  steroid  action  in 
breast  cancer. 

Estrogen  and  insulin  have  been  shown  to  be  essential  requirements  for 
tumor  growth  and  metastases.   Attention  is  called  to  the  co-existence  of 
enhancement  in  collagenase  production  and  metastasis  formation  controlled 
by  estrogen  and  insulin. 

The  studies  with  insulin-methotrexate  therapy  suggested  that  tumor 
cell  sensitivity  to  chemotherapy  could  be  selectively  increased  by  manipu- 
lating the  activity  of  tumor  cell  metabolic  pathways  that  determine  drug 
cytotoxicity. 
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Proposed  Course  of  Research: 

1.  To  determine  the  cause  of  mammary  cell  growth  inhibition  in  vivo  taking 
into  account  soluble  fetors,  adjacent  tissues  and  components  of  the  immune 
system. 

2.  To  capitalize  on  our  observation  on  the  combined  effect  of  insulin  and 
methotrexate  and  expand  the  results  to  include  other  biological  response 
modifiers  and  cytotoxic  drugs. 

Publications: 

1.  Liotta,  L.A. ,  Tryggvason,  K. ,  Garbisa,  S. ,  Hart,  Io ,  Foltz,  CM.  and 
Shafie,  S.M.   Metastatic  potential  correlates  with  enzymatic  degradation 
of  basement  membrane  collagen.   Nature  284:  67-68,  1980. 

2.  Shafie,  S.M.   Estrogen  and  the  growth  of  breast  cancer:   new  evidence 
suggests  indirect  action.   Science.   In  press. 
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SUMMARY  OF  WORK  (200  words  op  less  -  underline  keywords) 

Hormonal  responsiveness   of  several  systems  has  been  shown  to  vary  as  a  functioiji 
of  the  substratum  with  which  cells  are  associated.   This  phenomenon  is  being 
studied  in  vivo  and  in  vitro  by  characterizing  steroid  receptor  levels,  hormonal, 
responsiveness  and  the  effect  of  an  inhibitor  of  extracellular  matrix  collagen 
deposition  on  NMU-induced  rat  mammary  tumors.   The  primary  NMU-tumors  have 
estrogen  receptors  and  exhibit  estrogen  responsiveness  jLn  vivo.   Estrogen 
receptor  levels  were  found  to  irreversibly  diminish  to  20%  of  the  original 
levels  during  collagenase  digestion  for  tumor  cell  isolation.   This  effect  was 
not  due  to  an  irreversible  loss  of  collagen  production  by  the  cells  since 
collagen  synthesis  resumed  in  culture  while  estrogen  receptor  levels  remained 
low  and  since  collagenase  digestion  at  30°C  rather  than  37°C  nearly  completely 
prevented  the  loss  of  estrogen  receptor  levels.   The  tumor  cell  growth  was 
inhibited  by  a  selective  block  of  collagen  matrix  formation  _in  vivo  and  in  vltrj 
This  inhibition  in  response  to  cis-hydroxyproline  was  shown  to  be  specific 
since  transplantable  NMU-tumors  and  MCF-7  cells  did  not  synthesize  type  IV 
collagen  and  were  resistant  to  cis-hydroxyproline. 
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Project  Description: 

Objectives:   1.   Isolation  of  mammary  cells  from  rat  mammary  gland  and 
mammary  tumors  for  growth  in  tissue  culture.   2.   Analysis  of  the  influence 
of  isolation  technique  and  culture  media  composition  upon  cell  growth  and 
differentiation.   3.   Analysis  of  the  influence  of  tissue  culture  substratum 
and  the  synthesis  of  the  extracellular  matrix  with  respect  to  collagen 
for  the  maintenance  of  endocrine  responsive  growth  and  differentiation. 

Methods  Employed:   Nodules  of  rat  mammary  epithelium  are  isolated  by 
limited  collagenase  digestion  followed  by  velocity  sedimentation  through 
Ficoll  gradients.   Mammary  tumor  models  include  the  adenocarcinomas  induced 
by  N-nitrosomethylurea  (NMU)  dimethylbenzanthracene,  and  a  transplantable 
mammary  carcinoma  which  originated  from  a  tumor  induced  by  NMU.   Two 
established  mammary  tumor  cell  lines  being  employed  are  MCF-7  (epithelial- 
like)  and  HS578  (myoepithelial-like).   These  cells  are  being  characterized 
as  follows:   a)  indirect  immunofluorescence  for  specific  collagen  types, 
a-lactalbumin,  myosin,  actin  and  pre-keratin;  b)  the  presence  of  steroid 
and  peptide  hormone  receptors  in  relation  to  responsiveness  as  target  cells; 
c)  histological  and  ultrastructural  evaluation;  d)  growth  response  to 
specific  inhibitors  of  collagen  synthesis.   Cells  are  cultured  in  Medium  199 
with  5%  fetal  calf  serum  and  added  hormones.   Steroid  hormone  receptors  are 
assayed  by  incubating  attached  whole  cells  or  cell  extracts  with  radioactive 
ligands  (dexamethasone  (a  glucocorticoid)  and  R5020  (a  progestin)  and 
estradiol-173 ).   Differences  in  bound  hormone  between  incubations  with 
radioactive  ligand  alone  and  in  the  presence  of  the  unlabeled  ligand 
estimate  the  levels  of  high  affinity  receptors.   Cis-hydroxyproline  is 
being  used  to  inhibit  the  synthesis  of  mature  collagen  in  cultured 
tumor  cells  and  in  tumor  bearing  rats.   Collagen  synthesis  is  measured 
by  the  incorporation  of  labeled  lysine  or  proline  into  collagenase 
sensitive  protein.   Collagen  types  may  be  characterized  by  their  physical 
properties,  by  specific  antibodies  developed  to  the  purified  proteins, 
and  by  amino  acid  analysis. 

Major  Findings: 

Cell  Characterization:   Nodules  of  epithelium  from  well  differentiated 
primary  carcinogen-induced  tumors  contain  two  morphologically  distinct  cell 
types  which  may  be  differentiated  in  culture  based  on  size,  morphology,  and 
immunohistochemical  staining.   The  epithelial  cells  form  a  sheet-like  layer 
of  cells  which  are  hexagonal  and  weakly  staining  for  type  IV  collagen.   The 
myoepithelial-like  cells  appear  at  the  edges  of  colonies.   They  are  more 
spindle  shaped,  with  processes,  and  often  separated  from  one  another.   The 
myoepithelial-like  cells  are  characteristic  in  that  they  stain  well  for  type 
IV  collagen  but  not  for  type  I  collagen,  the  collagen  of  fibroblasts.   When  a 
poorly  differentiated  transplantable  mammary  carcinoma  was  dispersed,  no 
nodules  of  epithelium  resulted.   In  culture  the  single  cells  attached  well 
and  produced  multiple  processes,  but  grew  poorly.   While  these  cells  bore 
some  morphological  resemblance  to  the  myoepithelial-like  cells  of  the  primary 
tumor  cell  cultures,  the  transplantable  tumor  cells  did  not  stain  for 
either  types  IV  or  I  collagen. 
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Steroid  Hormone  Receptors.   Studies  on  the  influence  of  collagenase  dis- 
persion on  primary  NMU-tumor  cells  have  shown  that  under  the  conditions 
employed,  incubation  at  37°C  for  one  hour  depressed  estrogen  receptor  levels 
to  20%  of  original  values.   Since  the  loss  of  estrogen  receptors  was  observed 
to  the  same  extent  before  and  after  Ficoll  gradient  centrif ugation,  low  bind- 
ing could  not  be  due  to  a  selective  loss  of  receptor  rich  cells  during 
separation.   Neither  protease  inhibitors  nor  stabilizers  of  lysosomal  mem- 
branes prevented  receptor  degradation.   Assays  by  exchange  precluded  arti- 
factural  masking  of  receptor  sites  by  endogeneous  estrogen.   Low  and  variable 
binding  capacities  measured  in  culture  indicated  that  receptor  levels  are  not 
reestablished  in  vitro.   Collagenase  digestion  at  30°,  however,  resulted  in 
the  retention  of  80%  of  the  original  tumor  receptor  levels.   Cells  prepared 
at  30°  and  assayed  in  culture  contained  higher  levels  of  estrogen  binding 
capacity  than  those  cells  prepared  at  37°C.   These  studies  indicated  that 
special  care  must  be  taken  to  prepare  tumor  cells  if  estrogen  receptors  are 
to  be  retained  and  with  them  the  full  ability  to  respond  to  estrogens 
in  vitro. 

Role  of  Collagen  Synthesis  in  the  Growth  of  Mammary  Tumor  Cells. 
Previous  studies  with  CHP,  which  selectively  blocks  collagen  matrix  formation, 
indicated  that  synthesis  of  type  IV  collagen,  a  basement  membrane  component, 
is  required  for  the  growth  of  normal  rat  mammary  epithelium.   This  also 
appears  to  be  true  for  NMU-induced  rat  mammary  tumors.   These  cells  make 
basement  membrane  collagen  In   vivo  and  in  vitro  as  shown  by  indirect 
immunofluorescence  for  type  IV  collagen.   CHP  injected  at  a  dose  of 
100  mg/kg  2  X  daily  rapidly  arrested  tumor  growth  over  a  treatment  period 
of  14  days.   Control  tumors  increased  from  a  volume  of  3.5+0.5  to 
8.5  +  1.7  cm  .   The  CHP-treated  tumors  remained  essentially  static  with 
a  volume  of  2.6  +  0.5  cm^  at  the  start  and  3.2  +  0.5  cm^  at  the  end  of 
the  treatment  period.   A  similar  effect  on  growth  was  observed  in  cultured 
tumor  cells  suggesting  that  CHP  was  acting  directly  at  the  level  of  the 
cell.   A  concentration  of  25  ug/ml  CHP  blocked  cell  growth.   CHP-treated 
cells  were  detached  more  easily  from  the  culture  surface  by  the  chelating 
agent  EDTA.   CHP  selectively  depressed  the  synthesis   of  collagenase 
sensitive  protein  compared  with  total   protein.   A  poorly  differentiated 
transplantable  mammary  tumor  which  lacked  type  IV  collagen  did  not 
respond  to  CHP  treatment.   Furthermore,  a  human  mammary  tumor  cell  line 
which  likewise  did  not  synthesize  collagen  in  culture  (MCF-7)  also  failed 
to  respond  to  CHP.   These  results  suggested  that  in  moderately  well 
differentiated  tumors  which  synthesize  collagen,  growth  and  synthesis 
of  basement  membrane  collagen  are  correlated  events. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
These  studies  will  help  to  identify  which  hormone  are  mitogenic  for  normal 
and  neoplastic  mammary  tissues.   These  studies  may  provide  valuable  insight 
into  the  roles  of  individual  cell  types  in  the  growth  process  and  into  the 
development  of  hormone  independency  of  mammary  tissues.   Such  information 
may  have  significant  implications  for  the  treatment  of  human  breast  cancer. 
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Proposed  Course  of  Research:   Studies  are  underway  to  compare  the 
relative  responsiveness  of  these  cultured  cells.   Attempts  are  being  made  to 
separate  the  component  epithelial  and  myoepithelial  cells  to  compare  the 
binding  capacities  of  the  two  cell  types.   Progestin  receptors  are  to  be 
analyzed  in  the  cultures  for  comparison  with  estrogen  receptor  levels  as  a 
measure  of  response  to  estrogens.   Glucocorticoid  receptors  are  being 
measured  in  relation  to  the  demonstrated  capacity  of  Cortisol  to  influence 
cell  growth  and  collagen  metabolism  in  mammary  cells.   Experiments  are 
planned  to  assess  the  relationship  between  the  endocrine  dependence  and 
collagen  dependence  of  mammary  tumor  growth. 

Publications: 

1.   Wittliff,  J.L.,  Heidemann,  P.H.  and  Lewko,  W.M.   Molecular  basis  of 
endocrine  responsiveness  in  normal  and  neoplastic  breast  tissues. 
In  Fleisher,  M.  and  Marcum,  V.S.  (Eds.):  The  Clinical  Biochemistry 
of  Cancer.   Washington,  D.C. ,  American  Association  Clinical 
Chemistry,  1979,  pp.  179-212. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

There  are  at  least  five  genetically  distinct  collagen  types  whose  degradation 
may  be  controlled  independently.   The  initial  step  of  collagen  degradation  is 
performed  by  collagenase.   We  and  others  have  found  that  type  IV  basement 
membrane  collagen  is  not  degraded  by  human  skin  collagenase  suggesting  that  a 
separate  collagenase  may  degrade  type  IV  collagen.   A  collagenase  which 
preferentially  degrades  type  IV  collagen  has  been  derived  from  a  metastasis 
of  the  T241  fibrosarcoma.   This  collagenase  has  been  purified  1000-fold  and 
its  cleavage  products  have  been  partially  characterized.   We  are  further 
studying  the  secretion  rate  of  this  enzyme  by  a  wide  variety  of  cell  types 
both  normal  and  malignant. 
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Project  Description: 

Objectives:  The  objectives  of  this  project  are  to  purify  and  character- 
ize type  IV  collagen  degrading  enzymes  and  to  study  their  biological  signifi- 
cance in  tumor  invasion  and  metastases. 

Methods  Employed:   Crude  collagenase  is  obtained  from  a)  serum-free 
cultures  of  highly  metastatic  mouse  tumor,  b)  serum  free  culture  of  minced 
involuting  mammary  gland,  c)  serum-free  cultures  of  cultured  human  breast 
carcinoma  and  d)  cultures  of  rat  mammary  ducts  and  alveoli.   The  enzyme 
activity  is  precipitated  with  ammonium  sulfate  and  purified  by  concanavillin 
A  sepharose  molecular  sieve  and  collagen  affinity  chromatography.   Collagen- 
ase activity  is  studied  on  labelled  and  unlabelled  purified  collagens  I,  II, 
III,  IV  and  V.   Degradation  products  are  studied  by  gel  electrophoresis. 
Enzyme  specificity  is  studied  by  injecting  the  purified  enzyme  with  or  with- 
out inhibitors  into  various  anatomical  sites  in  the  mouse.   Vascular 
integrity  (breakdown  of  vascular  basement  membrane)  at  the  sites  of  injection 
is  studied  by  i.v.  injection  of  Evans  Blue  dye.   Influence  on  metastases  is 
studied  by  i.v.  injection  of  tumor  cells  with  or  without  treatment  of  the 
cells  with  the  purified  enzyme  or  antibodies  thereto. 

Major  Findings:   A  neutral  protease  has  been  extracted  from  the  media 
of  cultured  metastatic  tumor  cells  and  purified  approximately  1000  times 
after  sequential  ammonium  sulfate  fractionation,  concanavalin  A  column 
chromatography,  and  molecular  sieve  chromatography.   The  protease  has  an 
apparent  molecular  weight  of  70-80,000,  is  inactive  at  acid  pH,  requires 
trypsin  activation,  and  is  inhibited  by  ethylenediamine  tetraacetic  acid, 
but  not  phenylmethyl-sulf onyl  fluoride,  n-ethyl  maleimide,  or  soybean 
trypsin  inhibitor.   The  enzyme  produces  specific  cleavage  products  for  both 
chains  of  type  IV  collagen  isolated  without  pepsinization  and  apparently 
cleaves  at  one  point  in  a  major  pepsin  extracted  chain  of  placenta  type  IV 
collagen.   The  partially  purified  enzyme  fails  to  significantly  degrade 
other  collagens  or  f ibronectin  under  digesting  conditions  in  which  specific 
reaction  products  are  produced  for  type  IV  collagen.   The  reaction  products 
indicate  a  single  cleavage  in  the  body  of  the  type  IV  collagen  molecule. 

A  wide  variety  of  human  and  rodent  cells  were  studied  for  type  IV 
collagen  degrading  activity.   Inflammatory  cells  but  not  endothelial  cells 
and  not  normal  connective  tissue  cells  exhibited  enzyme  activity.   Metas- 
tatic tumor  cells  secreted  enzyme  activity  in  proportion  to  their  ability 
to  produce  spontaneous  metastases  In  vivo. 

Latent  collagenase  was  present  in  tumor  interstitial  fluid.  Collagenase 
activity  was  enhanced  in  MCF-7  breast  carcinoma  cultured  with  insulin. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Breakdown  of  basement  membranes  occurs  during  the  transition  from  _in  situ  to 
invasive  carcinoma  and  during  penetration  of  vessel  walls  by  metastasizing 
tumor  cells.   The  basement  membrane  collagen  degrading  enzyme  identified  and 
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purified  in  this  project  may  play  a  role  in  the  cancer  invasion  process. 
Detection  of  the  enzyme  may  be  a  means  of  predicting  the  metastatic  potential 
of  a  tumor.   Furthermore,  human  breast  carcinoma  cells  have  been  shown  to 
secrete  latent  collagenase  which  degrades  stroma  type  I  collagen.   Hence 
the  specificity  of  different  collagenases  species  elaborated  by  tumor  cells 
may  influence  their  pattern  of  invasion. 

Proposed  Course  of  Research;   a)  Purification  of  type  IV  collagen 
degrading  enzyme  to  near  homogeneity  and  raising  antibodies  against  this 
enzyme,   b)  Use  of  the  enzyme  to  elucidate  the  structure  of  type  IV  collagen, 
c)  The  effect  of  type  IV  protease  on  the  morphologic  structure  of  the  base- 
ment will  be  studied  by  electron  microscopy. 

Publications: 

1.  Murray,  J.C.  ,  Liotta,  L.A. ,  Rennard,  S.I.  and  Martin,  G.R.  Adhesion 
characteristics  of  metastatic  and  nonmetastatic  tumor  cells  in  vitro. 
Cancer  Res.  40:   347-351,  1980. 

2.  Liotta,  L.A. ,  Tryggvason,  Kr. ,  Garbisa,  S. ,  Foltz  C.  and  Shafie,  S. 
Metastatic  propensity  correlates  with  tumor  cell  degradation  of  basement 
membrane  collagen.   Nature  284:   67-68,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
We  have  purified  and  characterized  mammary  basement  membrane  type  IV  collagen^ 
studied  its  synthesis  and  turnover  in  normal  and  neoplastic  mammary  gland. 
We  have  further  purified  collagens  I,  III  and  IV  from  human  mammary  gland  and 
studied  their  relative  amounts  in  mammary  disease  states. 
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Project  Description: 

Objectives :   The  overall  objectives  are  to  purify  and  characterize 
mammary  basement  membrane  (type  IV)  collagen  and  to  study  the  mechanisms 
which  control  its  synthesis  and  turnover  in  normal  mammary  epithelium  and 
in  carcinomas.   Since  type  IV  collagen  from  the  mammary  gland  has  not  pre- 
viously been  purified,  this  project  involves  the  development  of  new  biochemi- 
cal methods  for  detecting,  purifying,  and  characterizing  mammary  collagen. 
The  purified  mammary  type  IV  collagen,  and  biochemical  methods  developed  for 
its  quantitative  study  serve  as  a  foundation  for  other  projects  which  study 
the  role  of  type  IV  in  collagen  in  mammary  growth  and  development.   Further 
aims  of  this  project  are  to  study  the  role  of  hormones  in  the  turnover  of 
type  IV  collagen  in  normal  and  neoplastic  mammary  epithelium  of  rodent 
and  human  origin. 

Methods  Employed:   Cultured  rat  mammary  ducts  and  alveolic,  cultured 
rat  DMBA  induced  tumor  cells,  specimens  of  human  mammary  gland  and  human 
breast  carcinoma  tissue  are  studied  for  the  synthesis  and  turnover  of  base- 
ment membrane  type  IV  collagen.   Biochemical  methods  developed  to  purify  and 
quantitate  this  collagen  involve  acetic  acid  extraction,  differential  salt 
precipitation,  ammonium  sulfate  precipitation,  DEAE  cellulose  chromatography, 
molecular  sieve  chromatography,  amino  acid  analysis  and  polyacrylamide  gel 
electrophoresis.   Mammary  collagen  is  further  studied  in  normal  and  neo- 
plastic tissues  by  indirect  immunofluorescence  and  immunoperoxidase  using 
purified  antibodies  to  collagen   fluorescence  and  immunoperoxidase  using 
purified  antibodies  to  collagen  types  I,  II,  III  and  IV.   The  mammary  gland 
is  also  studied  by  electron  microscopy. 

Major  Findings: 

1)  Hormone  dependent  synthesis  of  type  IV  collagen  by  cultured  rat  mammary 
epithelium. 

Alveoli  and  ducts  isolated  from  virgin  rat  mammary  glands  synthesize 
type  IV  collagen  in  primary  culture.   Hydrocortisone  specifically  blocks 
the  release  of  type  IV  collagen  degrading  protease  from  these  cultures. 

2)  Immunoperoxidase  localization  of  intracellular  basement  membrane 
collagen  in  human  primary  and  metastatic  breast  carcinomas. 

Monospecific  antibodies  against  type  IV  collagen  were  used  by  the 
immunoperoxidase  technique  to  localize  type  IV  collagen  in  primary  and 
metastatic  breast  carcinomas,  sarcomas,  and  lymphomas.   In  all  cases  the 
primary  breast  carcinomas  (20/20)  and  the  metastastic  breast  tumors  (16/16) 
exhibited  prominent  intercellular  and  occasional  extracellular  staining. 
Individual  tumor  cells  stained  in  the  subcapsular  space  of  lymph  nodes. 
Lymphomas  and  sarcomas  (0/12)  failed  to  stain  with  the  same  antibodies. 

3)  Collagen  Content  of  Breast  Disease.   Human  breast  periductular  stroma 
does  not  differ  from  interlobular  stroma  in  type  of  collagen  present  but 
does  show  a  marked  difference  in  total  collagen  content. 
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4)  Basement  membrane  lamina  densa  is  absent  by  electron  microscopy  in 
infiltrating  duct  carcinoma. 

5)  A  radioimmune  assay  for  type  IV  collagen  has  been  developed  with  a 
sensitivity  of  1  nanogram. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

1)  Purified  mammary  type  IV  collagen  has  been  obtained  for  the  first  time. 
An  ^n  vitro  model  of  normal  and  neoplastic  mammary  type  IV  collagen  synthesis 
and  turnover  has  also  been  developed  for  the  first  time.   These  systems  will 
be  useful  for  in  depth  biochemical  studies  of  the  differences  in  the  inter- 
action of  normal  and  neoplastic  mammary  cells  with  the  basement  membrane  matrix. 

2)  Immunoper oxidase  staining  using  antibodies  to  basement  membrane  collagen 
may  aid  in  the  identification  of  the  cell  of  origin  for  certain  tumors. 
Furthermore,  this  method  may  be  of  diagnostic  use  when  applied  to  lymph  node 
sections   containing  small  groups  of  cells  suspicious  for  metastatic  breast 
carcinoma. 

Proposed  Course  of  Research:   The  future  course  of  this  research  will 
involve:   a)  studies  of  differences  in  the  hormone-dependent  synthesis  of 
type  IV  collagen  among  a  variety  of  mammary  tumors;  b)  studies  of  the  effect 
of  in  vivo  inhibition  of  collagen  synthesis  by  c is -hydroxy proline  on  the  pre- 
neoplastic process;  c)immunoperoxidase  studies  of  collagen  in  human  mammary 
glands  with  hyperplasia,  sclerosing  adenosis,  preneoplastic  lesions   and 
carcinoma,  and  d)  purification  characterization  of  type  IV  collagen  degrading 
collagenase  from  normal  and  neoplastic  mammary  glands. 

Publications: 

1.  Kleinman,  H.K. ,  Hewitt,  A.T.,  Murray,  J.C.,  Liotta,  L.A. ,  Rennard,  S.I., 
Pennypacker,  J. P.,  McGoodwin,  E.B.,  Martin,  G.R.  and  Fishman,  P.H. 
Cellular  and  metabolic  specificity  in  the  interaction  of  adhesion 
proteins  with  collagen  and  with  cells.   J.  Supramol.  Struct.  11: 
69-78,  1979. 

2.  Parnjpe,  M. ,  Engel,  L. ,  Young,  N.  and  Liotta,  L.A.   Activation  of  human 
breast  carcinoma  collagenase  through  plasminogen  activator.   Life  Sci. 
26:   1223-1231,  19?? 

3.  Wicha,  M.S.,  Liotta,  L.A. ,  Garbisa,  S. ,  and  Kidwell,  W.R.  Basement 
membrane  collagen  requirements  for  attachment  and  growth  of  mammary 
epithelium.   Exp.  Cell  Res.  124:   181-190,  1979. 

4.  Liotta,  L.A. ,  Wicha,  M.S.,  Foidart,  J.M. ,  Rennard,  S.I. ,  Garbisa,  S. 
and  Kidwell,  W.R.   Hormonal  requirements  for  basement  membrane  collagen 
deposition  by  cultured  rat  mammary  epithelium.   Lab.  Invest.  41: 

511,  1979. 

5.  Liotta,  L.A. ,  Foidart,  J.M. ,  Robey,  P.,  Martin,  G.R.  and  Gullino,  P. 
Identification  of  micrometastasis  of  breast  carcinoma  by  presence  of 
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SUMMARY  OF  WORK  (200  words  op  less  -  underline  keywords) 

In  vivo  the  mammary  epithelium  rests  upon  a  basement  membrane  containing  type 
IV  collagen.   This  collagen  substratum  is  made  primarily  by  a  myoepithelial- 
like  cell  and  appears  to  be  essential  for  the  growth  and  survival  of  the 
epithelial  cell  population  since  the  epithelial  cells  degenerate  and  die 
in  vivo  and  ±n   vitro  if  collagen  deposition  is  prevented  following  a  prolifera- 
tive stimulus.   In  vitro  studies  suggest  that  mammary  growth  control  may  be 
regulated  by  the  action  of  basement  membrane  deposition  by  the  myoepithelial 
cells.   Involution  is  apparently  triggered  by  the  breakdown  of  preformed 
basement  membrane  catalyzed  by  a  specific  collagenase  produced  by  the  epithe- 
lium upon  withdrawal  of  hormonal  support.   Some  primary  tumors  appear  to 
retain  a  requirement  for  basement  membrane  collagen  synthesis  since  they 
regress  when  the  host  is  administered  cis-hydroxyproline  to  block  collagen 
deposition. 
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Project  Description: 

Methods  Employed:   Primary  cultures  of  normal  mammary  tissue  were 
established  from  isolated  ducts  and  alveoli  from  rats  or  from  human  mammary 
glands  obtained  from  reduction  mammoplasty  (supplied  by  R.C.  Hallowes  of  the 
Imperial  Cancer  Research  Fund).   Analogous  structures  were  obtained  from 
carcinogen  induced  rat  mammary  tumors.   The  interaction  of  the  organoids  with 
various  purified  collagen  substrata  and  their  response  to  an  inhibitor  of 
collagen  deposition  were  assessed  on  the  basis  of  cell  proliferation  in 
culture.   Collagen  synthesis  was  quantitat-ed  by  assaying  for  4-hydroxyproline 
production  using  high  pressure  liquid  chromatography  to  separate  PTH-amino 
acids. 

Major  Findings: 

1.  Autoradiographic  analysis  of  cultured  ducts  and  alveoli  indicated  two 
loci  of  epithelial  cell  division.   One  was  clustered  around  remnants  of 
basement  membrane  which  was  associated  with  the  isolated  orginoids.   The 
other  locus  was  at  the  colony  periphery  at  points  where  spindle  shaped 
cells,  believed  to  be  myoepithelial  cells,  were  localized.   These  latter 
cells  stained  intensely  for  type  IV  collagen  by  indirect  immunofluorescence 
and  were  negative  for  types  I  and  III  collagen  normally  made  by  mammary 
fibroblasts.   Blocking  collagen  deposition  by  ductal  and  alveolar  cells  led 
cell  death  in  the  cultures,  a  response  that  was  reversed  when  type  IV 
collagen  substrata  were  supplied  exogenously. 

2.  Effects  of  hormones  on  collagen  synthesis  and  cell  proliferation  were 
analyzed  in  serum  free,  hormonally  supplemented,  growth  medium.   Two  hormones 
which  promoted  cell  growth  were  found  to  affect  the  synthesis  or  turnover  of 
collagen.   Hydrocortisone  (HC)  addition  blocked  the  elaboration  of  a  collagen- 
ase  activity  and  prevented  the  turnover  of  newly  formed  basement  membrane 
collagen.   Epidermal  growth  factor  (EGF)  stimulated  the  synthesis  of  this 
matrix  material.   When  the  organoids  were  plated  on  a  sufficiently  thick 

type  IV  collagen  substrata  (1  ug/cm^)  cell  growth  was  relatively  unaffected 
by  omission  of  epidermal  growth  factor  or  hydrocrotisone.   However,  on  type 
I  collagen  coated  dishes  a  dramatic  drop  in  cell  growth  was  observed  when  EGF 
or  HC  was  omitted.   Insulin  stimuated  cell  growth  approximately  equally  regard- 
less of  the  substratum  utilized.   Insulin  had  no  marked  effect  on  the  cell's 
production  of  collagenase  or  collagen.   These  results  indicate  that  certain 
growth  factors  (EGF  and  HC),  but  not  others,  (insulin,  estradiol-173, 
prolactin,  progesterone)  may  function  by  facilitating  a  proper  substratum 
deposition  by  the  myoepithelial  cells  of  the  mammary  gland. 

3.  As  evidenced  by  a)  an  increased  rate  of  cell  attachment,  b)  a  differen- 
tial sensitivity  to  inhibitors  of  collagen  deposition  and  c)  a  differential 
hormonal  responsiveness,  the  mammary  epithelium  was  shown  to  interact 
preferentially  with  type  IV  vs.  type  I  collagen  substrata.  Additional  sub- 
stantiation of  this  recognition  comes  from  the  fact  that  when  the  cells  are 
plated  on  an  unsuitable  substratum  (type  I  collagen,  glass  or  plastic)  they 
accumulated  about  twice  as  much  collagen  in  the  extracellular  matrix  as  when 
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plated  on  a  suitable  substratum  (type  IV  collagen).   These  results  suggest 
that  a)  the  cells  sense  the  presence  of  an  unsuitable  substratum  and  compen- 
sate by  an  increased  production  of  basement  membrane  or  b)  there  is  a  feedback 
inhibition  on  collagen  synthesis  which  is  selective  for  type  IV  collagen. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  program  objective  is  to  understand  growth  regulation  of  the  mammary  gland- 
ular epithelium  and  how  this  control  is  deranged  in  neoplasia.   Based  on  the 
observations  made  in  the  present  studies ,  it  appears  that  two  cell  types 
cooperate  in  the  proliferative  response.   One,  believed  to  be  the  myoepithe- 
lial cell  lays  down  new  basement  membrane  in  response  to  EGF  stimulation.   A 
second  hormone  (HC)  prevents  this  substratum  from  being  degraded.   The 
epithelial  cells  then  either  actively  divide  in  response  to  additional 
proliferative  stimuli  or  passively  divide  on  the  new  substrata  provided.   The 
process  can  be  blocked  by  blocking  collagen  substratum  deposition. 

Certain  tumors  which  retain  the  need  for  substratum  production  also 
respond  to  inhibitors  of  collagen  synthesis  and  thus  chemotherapeutic 
manipulation  of  tumor  growth  may  be  possible  with  drugs  having  this  action. 

Proposed  Course  of  Research:   Evidence  to  date  is  suggestive  of  growth 
control  mediated  by  extracellular  matrix  production  by  the  glandular  myoepithe- 
lial compartment.   More  direct  evidence  for  this  will  be  sought  by  separating 
and  combining  the  epithelial  and  myoepithelial  cell  populations  to  determine 
how  they  interact  in  a  proliferative  mode.   Additionally,  attempts  will  be 
made  to  selectively  destroy  the  myoepithelial  cells  in  mixed  cell  cultures 
followed  by  analysis  of  the  effects  on  epithelial  cell  proliferation  by 
autoradiographic  techniques.   Finally,  the  hypotheses  formulated  from  studies 
of  rodent  mammary  cells  will  be  extended  to  that  of  humans.   This  work  is 
already  in  progress  and  the  results  appear  analogous  to  that  found  with  the 
rodent  mammary  tissue. 

Publications: 

1.  Wicha,  M.S.,  Liotta,  L.A. ,  Garbisa,  S.  and  Kidwell,  W.R.   Basement  mem- 
brance  collagen  requirements  for  attachment  and  growth  of  mammary 
epithelium.   Exp.  Cell  Res.  124:  181-190,  1979. 

2.  Liotta,  L.A. ,  Wicha,  M.S.,  Rennard,  S. ,  Foidart,  J.M.  and  Kidwell,  W.R. 
Hormonal  requirements  for  basement  membrane  collagen  deposition  by 
cultured  rat  mammary  epithelium.   Lab.  Invest.  41:  511,  1979. 

3.  Kidwell,  W.R. ,  Wicha,  M.S.,  Liotta,  L.A.  and  Salomon,  D.   Hormonal 
controls  of  collagen  substratum  formation  by  cultured  mammary  cells: 
Implications  for  growth  and  differentiation.   In  Shields,  R. , 
Jiminez  de  Asua,  L.  and  Levi-Montalcini,  L.  (Eds.):   Controls  of  Cell 
Proliferation.   Raven  Press.   In  Press. 
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4.  Kidwell,  W.R. ,  Wicha,  M.S.,  Salomon,  D.  and  Liotta,  L.A.   Differential 
recognition  of  basement  membrane  collagen  by  normal  and  neoplastic 
mammary  cells.   In  McGrath,  C. ,  and  Nandi,  S.  (Eds.):   Systematics  of 
Mammary  Cell  Transformation.   Academic  Press.   In  Press. 

5.  Monaco,  M.E.,  Kidwell,  W.R.  and  Lippman,  M.   Neurohypophyseal  hormone 
responsive  cell  line  derived  from  a  7,12-DMBA  mammary  tumor. 
Biochem.  J.   In  Press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  epistemological  basis  of  morphology,  in  particular  that  of  freeze- 
f racture  and  f reeze-etched  preparations  is  investigated.   Analysis  is 
extended  to  methods  of  freezing  as  well  as  to  the  study  of  secretory 
systems.   New  cytochemical  labels  are  designed. 
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Project  Description: 

Methods:   Nonexperimental  approach  involves  detailed  reappraisal  of  our 
past  work  as  well  as  that  of  others.   Results  are  reexamined  and  alternative 
explanations  derived.   Experimental  approach  involves  development  of  cytocherai- 
cal  (ferritin,  electron  dense  colloids)  labels  for  cellular  components. 

Major  Findings:   The  subjective  nature  of  the  morphological  method  is 
stressed.   The  importance  of  the  concept  of  subparticle  is  put  in  evidence  in 
previous  studies  of  Entamoeba  hystocytica  as  well  as  in  peripheral  and 
central  in  myelin  membranes.   The  limitations  of  the  morphological  analysis 
of  freeze-f racture  preparations  of  secretory  processes  are  investigated  in 
both  conventionally  frozen  and  quick-frozen  (i.e.,  frozen  by  slamming  against 
a  helium  cooled  copper  block)  membranes.   The  concept  of  signal  to  noise 
ratio  is  proposed  for  the  morphological  analysis  of  freeze-f racture  replicas. 
Artifacts  inherent  to  recently  proposed  "quick-freeze"  techniques  are 
demonstrated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
In  this  laboratory,  investigation  of  membrane  structure  and  function  requires 
as  the  principal  tool,  the  observation  and  analysis  of  platinum  carbon 
replicas  obtained  from  freeze-f racture  and  freeze-etch  preparations.   These 
methods  are  relatively  new  and  are  still  incomplete.   However,  much  of  our 
present  understanding  of  membrane  structure,  dynamics,  as  well  as  its 
functional  implications  are  based  on  the  analysis  of  freeze-f racture  and 
freeze-etch  observations.   It  is,  thus,  important  to  continuously  subject  the 
methods  of  analysis  of  the  results  as  well  as  the  results  obtained  with  these 
techniques  to  vigorous  and  constant  reappraisal  while,  at  the  same  time 
expanding  their  application  through  conjugation  with  other  cytochemical 
techniques. 

Proposed  Course  of  Research:   A  continuation  of  the  objectives  stated 
which  stress  development  of  cytochemical  techniques. 

Publications: 

1.  Pinto  da  Silva,  P.   Interpretation  of  freeze-fracture  and  freeze-etch 
images:   morphology  and  realism.   In  Rash,  J.E.  and  Hudson,  C.S. 
(Eds.):   Freeze-f ractufe,  Methods,  Artifacts  and  Interpretations. 
New  York,  Raven  Press,  1979,  pp.  185-193. 

2.  Pinto  da  Silva,  P.  and  Kachar,  B.   Quick  freezing  vs.  chemical 
fixation:   capture  and  identification  of  membrane  fusion  intermediates. 
Cell  Biology  Int.  Reports.   In  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  program's  objectives  are  to:   1)  isolate  and  characterize  potential 
ectopic  growth  factors  which  resemble  epidermal  growth  factor  (EGF) 
or  multiplication-stimulating  activity  (MSA)  in  normal  and  tumor 
tissues  of  rat  mammary  epithelium  (RME)  both  in  vivo  from  tumor  interstitial 
fluid  (TIF)  and  j^  vitro  from  conditioned  medium  of  primary  cultures  of 
tumor  and  RME  cells;  2)  to  determine  their  biological,  biochemical  and 
antigenic  similarities  to  native  EGF  or  MSA;  3)  to  compare  their  effects 
on  the  growth  and/or  differentiation  of  mouse  embryonal  carcinoma  cells 
(EC),  normal  rat  mammary  epithelial  cells  and  human  diploid  fibroblasts 
and  4)  to  delineate  their  relationship  in  normal,  preneoplastic  and 
neoplastic  tissues  to  tumor  promotion  and  progression. 
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Project  Description: 

Transformation  of  a  variety  of  cells  with  chemical  carcinogens  (poly- 
cyclic  hydrocarbons)  or  certain  RNA  tumor  viruses  results  in  the  failure  of 
these  cells  to  bind  or  respond  to  exogenous  growth  factors  such  as  EGF  or 
MSA  because  of  the  production  of  endogenous  growth  promoters  such  as  sarcoma 
growth  factor  (SGF),  which  autostimulate  these  cells  to  continuously  grow. 
If  ectopic  production  of  these  or  related  growth  factors  is  a  general 
property  of  preneoplastic  or  neoplastic  cells,  then  such  factor(s)  should 
be  present  in  the  TIF  of  primary  or  transplantable,  chemically-induced 
mammary  adenocarcinomas  as  well  as  in  the  conditioned  medium  of  primary 
cultures  of  these  tumor  cells  in.  vitro. 

Objectives:   These  studies  are  designed  to  isolate  and  characterize 
ectopic  growth  factors  from  TIF  in  vivo  and  from  conditioned  medium  of 
tumor  cells  _in  vitro  and  to  ascertain  if  this  property  is  unique  to 
mammary  adenocarcinoma  cells  or  if  normal  RME  cells  also  produce  a 
similar  or  different  set(s)  of  factors. 

Methods  Employed:   A.   Collection  of  TIF  from  Millipore  filter  chambers 
implanted  subcutaneously  near  the  tumor  or  in  animals  bearing  tumors  but  at  a 
remote  site  from  the  tumor  mass  to  obtain  subcutaneous  interstitial  fluid 
(SIF).   TIF  or  SIF  will  be  dialyzed,  fractionated  with  ammonium  sulfate  or 
ethanol  precipitation  and  tested  directly  in  several  bioassay,  radioreceptor 
and  radioimmunoassay  systems.   Conditioned  medium  from  primary  cultures  of 
tumor  cells  and  normal  RME  cells  grown  in  serum-free  medium  will  also  be 
fractionated  in  a  similar  manner.   B.   Bioassays :  a)  Ability  to  enhance  cell 
proliferation  of  human  diploid  fibroblasts  (HDF)  in  serum-free  medium  and  to 
enhance  cloning  of  HDF  cells  in  soft  agar;  (b)  ability  to  stimulate  EC 
differentiation  with  this  parameter  being  monitored  by  the  synthesis  and 
turnover  of  various  extracellular  matrix  (ECM)  components  (collagen, 
fibronetin  and  laminin)  associated  with  the  basement  membrane  or  various 
enzymatic  markers  (plasminogen  activator  or  collagenase)  of  endoderm  cells 
(END)  and  c)  ability  to  replace  either  EGF,  MSA  or  insulin  requirements  for 
growth  of  HDF  or  EC  cells  in  serum-free  medium.   C.   Biochemical  Assays: 
a)  ability  to  compete  with  [125I]EGF,  [125I]MSA  or  [lz;>I] insulin  for 
specific  binding  to  EGF,  sommatomedin  or  insulin  receptors  on  HDF  or  EC  cells 
and  b)  ability  to  cross-react  with  either  EGF,  MSA  or  insulin  in  radio- 
immunoassays (RIA)  using  antisera  to  EGF,  MSA  or  insulin  and  c)  comparison 
of  gel  filtration,  ion-exchange  and  electrophoretic  properties  to  known 
growth  factors. 

Major  Findings:   The  serum-free  conditioned  medium  from  primary  cultures 
of  7,12-dimethylbenzanthracene(DMBA)-induced  rat  mammary  adenocarcinoma  cells 
contains  a  factor(s)  (mw  range  3500-10,000  and  50,000>)  which  is  able  to 
compete  with  [12->I]EGF  but  not  [ 125j]ingu^in  for  radioreceptor  binding  on 
mouse  EC  cells.   A  similar  factor(s)  has  been  partially  identified  in  the 
TIF  from  the  hormone-dependent,  transplantable  rat  mammary  MTW9  tumor. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Transformation  of  cells  _in  vitro  by  chemical  or  viral  agents  has  been 
generally  assumed  to  correlate  with  the  acquistion  of  tumorigenicity  in  vivo. 
A  variety  of  parameters  are  known  to  be  associated  with  the  transformed 
phenotype  such  as  a  loss  in  contact  inhibition  of  growth;  an  increase  in 
DNA  synthesis,  cellular  proliferation  and  saturation  density;  ability  to 
grow  in  soft  agar  and  failure  of  cells  which  are  able  to  differentiate  to 
do  so  upon  transformation.   Several  of  these  properties  can  be  reversibly 
produced  in  nontransf ormed  cells  by  factors  which  are  synthesized  by  neoplas- 
tic cells  jLn  vitro.   The  ability  to  mimic  the  transformed  phenotype  by 
administration  of  these  epigenetic,  hormonal-like  "transformation  peptides" 
implies  that  they  may  be  involved  in  the  early  stages  of  conversion  of  a 
normal  cell  to  a  preneoplastic  cell.   Autonomous  production  of  such  factor(s) 
may  be  involved  in  the  acquisition  of  unrestrained  growth  by  cancer  cells. 
However,  to  date  the  data  obtained  In  vitro  with  respect  to  the  production, 
characterization  and  biological  effects  of  these  polypeptide  factors  such  as 
sarcoma  growth  factor  has  not  been  extended  in  vivo  in  relationship  to 
tumorigenicity.   Moreover,  although  various  sarcoma  cells  produce  such 
factors,  it  is  now  known  whether  carcinoma  cells  produce  similar  or 
different  set  of  agents.   The  experiments  to  be  conducted  should  aid  in 
resolving  some  of  these  questions. 

Proposed  Course  of  Research:   To  more  fully  characterize  these  factors 
from  TIF  and  conditioned  medium  from  mammary  tumor  cells  of  various  origins 
and  RME  cells  and  to  relate  the  production  of  these  factors  to  the  type  of 
cell  (normal,  preneoplastic  or  neoplastic). 

Publications: 

1.    Salomon,   D.S.:   Correlation  of  receptors  for  growth  factors  on  mouse 

embryonal  carcinoma  cells  with  growth  in  serum-free  hormone  supplemented 
medium.   Exp.  Cell  Res.   In  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  present  studies  are  concerned  with  the  role  of  hormones  and  growth  factors 


and  their  interactions  with  phorbol  ester  tumor  promoters  in  relationship  to 
cell  growth  and  differentiation  with  respect  to  neoplastic  transformation 
in  vitro  and  in  vivo.   Several  systems  are  being  utilized  to  study  the  modula- 
tion of  growth  factor  responses  and  receptor  levels  by  tumor  promoters  JLn  vitrd> 
in  cells  maintained  in  serum-free,  hormone-supplemented  media.   A  variety  of 
biological  endpoints  are  being  examined  including  cell  proliferation,  chemo- 
taxis,  extracellular  matrix  (ECM)  production,  phospholipid  metabolism,  prosta- 
glandin synthesis  and  growth  factor  receptor  levels.  _In  vivo  tumor  promoters 
are  being  administered  to  carcinogen-treated  rats  to  delineate  whether,  as 
with  the  production  of  papillomas  in  mouse  skin,  these  compounds  can  shorten 
the  latency  period  or  increase  the  incidence  of  mammary  adenocarcinomas. 
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Project  Description: 

The  two-stage  theory  of  carcinogenesis  has  demonstrated  that  chemical 
carcinogens  (polycyclic  hydrocarbons)  function  as  mutagens  and  produce  a 
series  of  irreversible  events  associated  with  initiation  of  the  transformed 
state.   In  contrast,  tumor  promoters  (extracts  of  Croton  oil,  fatty  acid 
esters  of  the  tetracyclic  plant  diterpene  phorbol)  elicit  the  appearance  of 
tumors  following  repeated  application  to  initiated  cells  which  have  been 
challenged  with  a  sub-carcinogenic  dose  of  polycyclic  hydrocarbons.   Phorbol 
esters  function  in  the  nanomolar  range  and  produce  a  series  of  reversible 
pleiotypic  responses  in  cells  in  vitro  which  resemble  those  observed  upon 
chemical  or  viral  transformation.   Moreover,  these  compounds  enhance  the 
expression  of  these  transformation  specific  phenotypic  features  in  already 
transformed  cells  and  reversibly  inhibit  cell  differentiation  in  a  variety 
of  in  vitro  systems.   The  broad  range  of  biological  effects  produced  by 
these  compounds  on  different  cell  types  at  low  concentrations  are  reminiscent 
of  the  effects  induced  by  various  hormones  or  growth  factors.   In  fact, 
several  growth  factors  such  as  epidermal  growth  factor  (EGF)  or  hormones 
such  as  insulin  can  synergistically  interact  with  phorbol  esters  in 
modulating  cell  growth.   In  contrast,  glucocorticoids  and  retinoids  can 
antagonize  both  the  ^in  vivo  and  in  vitro  responses  to  phorbol  esters. 

Objectives :   The  effects  of  phorbol  esters  on  cell  growth  and 
differentiation  are  being  examined  as  these  parameters  might  relate  to 
tumor  promotion  and  progression. 

A.   Effects  of  12-0-Tetradecanoylphorbol-13-acetate  (TPA)  on  Neutrophil 
Chemo taxis. 

Major  Findings:   TPA  inhibits  neutrophil  chemotaxis  in  response  to 
specific  formylated  trlpeptides  as  a  result  of  decreasing  the  number  of 
chemoattractant  receptors  on  these  cells.   One  effect  of  TPA  is  to  enhance 
the  activity  of  a  membrane  associted  phospholipase  A2  (P-A2).   Pretreat- 
ment  of  the  cells  with  glucocorticoids  protects  the  cells  against  the 
effects  of  TPA  via  the  interaction  with  specific  glucocorticoid  receptors 
in  neutrophils.   Glucocorticoids  induce  the  synthesis  of  a  specific  P-A2 
glycoprotein  inhibitor  (m.w.  40-50,000  daltons).   The  inhibition  of  P-A2 
activity  by  the  inhibitor  as-  a  result  of  steroid  treatment  desensitizes 
the  neutrophil  to  the  effects  of  TPA.   The  inhibitor  can  be  isolated  from 
the  conditioned  medium  of  steroid-treated  cells  and  can  inhibit  P-A2 
activity  in  cells  not  treated  with  steroids.   Experiments  in  progress  are 
designed  to:   1)  characterize  the  P-A2  inhibitor;  2)  determine  the  levels  of 
the  P-A2  inhibitor  in  TPA  challenged  cells  (neutrophils,  fibroblasts  and 
embryonal  carcinoma  (EC)  cells)  before  and  after  glucocorticoid  pretreatment 
and  3)  delineate  the  role  of  the  P-A2  inhibitor  in  modulating  neutrophil 
chemotaxis,  chemoattractant  binding  and  response(s)  and  binding  of  other 
growth  factors  such  as  epidermal  growth  factor  (EGF)  in  EC  cells. 
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B.  Effects  of  Phorbol  Esters  on  the  Growth  and  Differentiation  of  Mouse 
EC  Cells  in  Serum-free,  Hormone-supplemented  Medium. 

Major  Findings:   EC  cells  are  the  undifferentiated,  malignant  stem  cells 
of  teratocarcinomas  which  resemble  early  embryonic  mouse  ectoderm.   Spon- 
taneous or  retinoid-induced  differentiation  of  EC  cells  _in  vitro  into  several 
cell  types,  of  which  extraembryonic  endoderm  (END)  is  the  first  cell  type  to 
arise,  mimics  the  differentiation  of  the  embryonic  germ  layers  of  the  early 
mouse  embryo.   EC  cells  have  recently  been  grown  in  a  serum-free  medium 
supplemented  with  epidermal  growth  factor  (EGF),  fibroblast  growth  factor 
(FGF),  insulin  (or  multiplication-stimulating  activity  [MSA],  transferrin 
and  Pedersen  fetuin  (FEIT  medium)  on  substrates  such  as  polylysine  or 
collagen  which  are  necessary  for  cell  attachment  and  spreading.   Growth  in 
FEIT  medium  is  correlated  with  the  presence  of  specific  receptors  for  EGF, 
insulin,  MSA  and  transferrin  on  EC  cells.   In  this  medium  EC  cells  differen- 
tiate into  parietal  endoderm  cells  as  evidenced  by  the  appearance  of 
plasminogen  activator,  the  synthesis  of  type  IV  collagen,  laminin  and 
fibronectin,  and  the  presence  of  a  type  IV-specific  collagenase.   Experiments 
are  in  progress  to  determine:   1)  the  interactions  between  phorbol  esters 
and  growth  factors  on  cell  proliferation  and  the  differentiation  of  EC  cells 
into  END  cells  as  these  might  relate  to  the  modulation  of  growth  factor 
receptors  and  ECM  production.   Recent  studies  have  demonstrated  1)  that 
those  phorbol  esters  which  are  active  as  tumor  promoters  inhibit  the 
binding  of  [^5x]EGF  to  specific  receptors  on  EC  cells;  2)  those  which  are 
inactive  as  promoters  fail  to  inhibit  EGF  binding;  3)  the  effect  is  to 
decrease  the  number  of  receptor  sites/cell  and  not  an  alteration  in  the 
affinity  and  4)  insulin  and  MSA  binding  are  less  affected  by  phorbol  ester 
treatment  (Salomon,  D.S.:   Tumor  promoting  phorbol  esters  inhibit  epidermal 
growth  factor  binding  to  receptors  on  mouse  embryonal  carcinoma  cells, 
AACR,  Abst.  #182,  San  Diego,  CA,  1980). 

C.  Growth  of  Rat  Mammary  Epithelial  Cells  in  Serum-free,  Hormone-supple- 
mented Medium  and  Interaction  with  Phorbol  Esters. 

Major  Findings:   Primary  cultures  of  rat  mammary  epithelial  (RME) 
cells  have  been  grown  in  FEIT  medium  supplemented  with  dexamethasone  (dex) 
on  plastic,  type  I  or  type  IV  collagen  coated-dishes.   The  growth  of  RME 
cells  is  regulated  by  the  nature  of  the  substrate  upon  which  the  cells 
are  maintained.   On  plastic  or  type  I  collagen,  RME  cells  require  EGF  and 
dex  for  optimal  growth  while  on  type  IV  collagen,  growth  is  unaffected  in 
the  absence  of  either  hormone.   The  differential  requirement  for  EGF  and 
dex  on  these  substrates  is  not  due  to  changes  in  the  number  of  receptors 
for  either  hormone.   However,  in  the  absence  of  either  EGF  or  dex  there  is 
a  50  to  70%  reduction  in  the  synthesis  of  type  IV  collagen  on  plastic  or 
type  I  collagen  substrates.   Furthermore,  in  the  absence  of  dex  but  not  EGF 
a  latent  collagenase  activity  which  is  capable  of  degrading  type  IV 
collagen  can  be  detected  in  the  culture  medium  following  proteolytic 
activation  by  plasmin.   Although  plasminogen  activator  can  be  detected 
in  the  culture  medium,  the  level  of  this  enzyme  is  not  affected  by 
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withdrawal  of  hormones.   These  results  demonstrate  that  type  IV  collagen  pro- 
duction is  required  for  RME  cell  growth  and  that  EGF  and  dex  function  as 
growth  regulators  by  modulating  the  synthesis  and/or  degradation  of  type  IV 
collagen  when  cells  are  grown  on  substrates  which  are  not  normal  constituents 
of  their  basement  membrane.   Experiments  are  in  progress  to  determine   the 
effects  of  polycyclic  hydrocarbons  and  phorbol  esters  on  these  cells  and 
their  interactions  with  EGF  and  dex  on  cell  growth  and  ECM  production. 

D.   Effect  of  Phorbol  Esters  on  Mammary  Adenocarcinoma  Formation  in 
Carcinogen-treated  rats. 

Major  Findings:   A  single,  direct  infusion  of  several  doses  of  TPA 
(1-10  Mg)  into  the  mammary  duct  of  the  third  thoracic  mammary  gland  was 
administered  to  Sprague-Dawley  rats  which  had  been  given  a  single  carcino- 
genic dose  of  7,12-dimethylbenzeanthracene  (DMBA)  6  mos.  prior  to  the 
initiation  of  the  experiment.  Animals  which  lacked  any  palpable  mammary 
adenocarcinomas  were  chosen  to  determine  if  TPA  could  facilitate  the 
appearance  of  any  latent  tumor  cells.   Ten  weeks  following  TPA  administration 
no  significant  differences  were  noted  either  in  the  location  or  frequency 
of  tumor  appearance  in  the  control  and  treated  groups.   For  papilloma 
production  in  mouse  skin,  TPA  has  to  be  sequentially  administered  at 
regular  doses  for  several  weeks  before  its  promoting  activity  is  observed 
in  vivo.   Experiments  are  therefore  in  progress  in  which  similar  tumor-free, 
DMBA-treated  rats  are  being  treated  bi-weekly  with  TPA  (doses: 1-10  pg)  via 
s.c.  injection  into  the  third  thoracic  mammary  gland  for  10  to  15  weeks  to 
determine  if  these  compounds  can  function  as  promoters  for  mammary  tumor 
formation.   Future  experiments  will  be  designed  to  determine  whether  TPA 
can  affect  the  latency  period  or  modify  the  frequency  of  tumor  formation  in 
rats  administered  a  sub-carcinogenic  dose  of  DMBA  or  nitrosomethylurea  (NMU). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Tumor  promotion  by  compounds  such  as  phorbol  esters  is  a  general  phenomenon 
that  has  been  observed  in  several  tissues  in  vivo  including  skin,  liver, 
lung,  colon  and  bladder.   Phorbol  esters  directly  affect  epithelial 
cells  within  these  tissues  by  producing  a  set  of  reversible  phenotypic 
changes  that  resemble  the  malignant  or  transformed  phenotype.   Tumor  promo- 
ters stimulate  cell  proliferation  which  in  certain  instances  leads  to  an 
inhibition  of  cell  differentiation.   Cell  proliferation  and  differentiation 
are  normally  controlled  by  specific  hormones  or  growth  factors.   It  has  been 
proposed  that  phorbol  esters  may  resemble  growth  factors  or  hormones  with 
respect  to  the  type  of  biological  response(s)  produced  in  certain  cells  to 
these  compounds.   Phorbol  esters  may  be  mimicing  responses  to  an  as  of 
yet  unidentified  endogenous  growth  factor(s).   Such  a  situation  is  not 
biologically  unique  since  exogenous  opiates  utilize  receptors  for  endogenous 
endorphins  or  enkephalins.   The  existence  of  such  endogenous  compound(s) 
would  have  obvious  importance  not  only  with  respect  to  their  normal  function 
within  the  animal  but  also  in  relationship  to  tumor  promotion  and 
progression.   The  ongoing  studies  are  utilizing  several  _in  vitro  systems 
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to  delineate  the  interaction(s)  of  phorbol  esters  with  specific  hormones 
(glucocorticoids  and  insulin)  and  growth  factors  (EGF  and  MSA)  in  a  defined 
environment  (serum-free  medium).   EC  cells  provide  a  system  in  which  various 
aspects  of  cell  growth  and  differentiation  can  be  studied  while  RME  cells  or 
neutrophils  provide  appropriate  models  in  which  cell  growth  and  modulation 
of  certain  differentiated  parameters  can  be  monitored.   The  ultimate  goal 
is  to  utilize  these  systems  to  screen  for  potential  endogenous  "tumor 
promoters"  which  may  be  related  to  known  or  unknown  growth  factors  or 
hormones.  Furthermore,  by  utilizing  RME  cell  cultures  in  vitro  transforma- 
tion by  carcinogens  in  the  absence  or  presence  of  tumor  promoters  can  be 
tested  in  a  defined  environment  (serum-free  medium)  and  related  to  the 
tumorigenic  potential  of  these  treated  cells  in  the  nude  (NU-2)  mouse. 

Publications: 

1.  Hirata,  F. ,  Schiffmann,  E. ,  Salomon,  D.S.  and  Axelrod,  J.S.  Gluco- 
corticoid-Induced  phospholipase-A2  inhibitor  in  rabbit  neutrophils. 
Proc.  Nat.  Acad.  Sci.  (USA).   In  press. 

2.  Salomon,  D.S.   Correlation  of  receptors  for  growth  factors  on  mouse 
embryonal  carcinoma  cells  with  growth  in  serum-free,  hormone- 
supplemented  medium.   Exp.  Cell  Res.   In  press. 


357 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  CB  08253-01  LPP 


PERIOD  COVERED 

March  13,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Cellular  Mechanism  of  Action  of  Phorbol  Ester  Tumor  Promoters 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:         J.  J.  Sando 

Others:     D.  S.  Salomon 

J.  Farrar 

M.  Hilfiker 


Postdoctoral  Fellow  LPP,  NCI 

Expert  LPP,  NCI 

Research  Microbiologist  LMI,  NIDR 

Postdoctoral  Fellow  LMI,  NIDR 


COOPERATING  UNITS  (if  any) 

Laboratory  of  Microbiology  and  Immunology,  NIDR 


LAB/ BRANCH 

Laboratory  of  Pathophysiology 


SECTION 

Office  of  the  Chief 


INSTITUTE  AND  LOCATION 

NCI.NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 


1.5 


PROFESSIONAL: 


1.5 


CHECK  APPROPRIATE  BOX(ES) 
Q  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   Q  (a2)  INTERVIEWS 


(b)  HUMAN  TISSUES 


□  (c)  NEITHER 
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The  cellular  mechanism  of  action  of  phorbol  ester  (PE)  tumor  promoters  is 
being  investigated  in  two  model  systems:   1)  normal  human  peripheral  blood 
lymphocytes  in  which  PE's  serve  as  costimulants  with  lectins  to  cause 
production  of  T  cell  growth  factor  (TCGF),  and  2)  Friend  Erythroleukemia 
cells  in  which  PE's  inhibit  the  spontaneous  or  dimethylsulf oxide  (DMSO) 
induced  differentiation.   Initial  studies  are  being  directed  at  identifying 
and  charactering  specific  PE  receptors.   Phorbol  ester  receptors  have  been 
identified  in  the  lymphocyte  system  as  judged  by  appropriate  dose  response 
curves,  structure-activity  relationships,  and  time  courses  for  binding  and 
TCGF  production.   Using  PE  sensitive  and  resistant  clones  of  Friend  cells, 
examination  of  the  results  of  the  phorbol  ester-receptor  interaction  leading 
to  the  biological  response  will  be  expanded.   Understanding  the  cellular 
mechanism  of  phorbol  ester  induced  responses  in  these  model  systems   should 
help  explain  the  cellular  mechanism(s)  for  tumor  promotion  and  may  suggest 
steps  in  the  mechanism  at  which  the  response(s)  can  be  inhibited. 
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Project  Description: 

Objectives :   Long  range  goals  of  this  work  are  to  understand  the  cellu- 
lar mechanisms  involved  in  tumor  promotion  in  order  to  determine  potential 
sites  for  inhibiting  the  process.   Specific  objectives   for  the  early  part 
of  the  work,  are  1)  to  identify  and  partially  characterize  receptors  for  PE 
tumor  promoters  on  normal  human  lymphocytes  and  cultured  Friend  Erythroleu- 
kemia  cells,  2)  to  further  define  the  steps  occurring  as  a  result  of  the 
PE-receptor  interaction  and  leading  to  the  production  of  TCGF  in  the  lympho- 
cytes and  inhibition  of  differentiation  in  the  Friend  cells,  and  3)  to 
determine  the  steps  at  which  various  known  or  potential  modulators  of  tumor 
promotion  (e.g.  glucocorticoids,  retinoids  acid,  prostaglandin  synthesis 
inhibitors)  act  to  exert  their  effects. 

Methods: 
Cell  Sources.   Normal  human  lymphocytes  are  obtained  from  heparinized  blood 
by  standard  Ficoll-Hypaque  and  adherence  techniques.   Friend  Erythroleukemia 
cells  are  maintained  in  suspension  culture. 

Receptor  Binding.   PE  receptors  are  being  characterized  using  a  whole  cell 
binding  assay  involving  incubation  with  -%-phorbol  dibutyrate  (PDB)  followed 
by  filtration  through  glass  fiber  filters  to  remove  free  PE.  Specific  binding 
is  determined  by  subtracting  the  ^h-PDB  bound  in  the  presence  of  excess 
unlabeled  phorbol  myristate  acetate  from  the  amount  bound  in  the  absence  of 
competitor.   All  experiments  are  carried  out  in  the  absence  of  serum.   Sub- 
cellular localization  of  the  receptor  will  be  determined  by  rupturing  the 
cells  and  determing  the  binding  in  various  membrane  cytoplasmic  and  nuclear 
fractions  obtained  by  differential  centrifugation.   Methods  for  partial  puri- 
fication of  the  receptor  will  depend  on  its  location  and  nature. 
Assay  of  PE  Responses.    TCGF  production  in  normal  human  lymphocytes  is  being 
stimulated  by  incubation  for  24-40  hr  with  Concanavalin  A  plus  various  PEs 
in  the  absence  of  serum.   The  TCGF  released  into  the  medium  is  bioassayed  for 
its  ability  to  promote  growth  (as  measured  by  -^-thymidine  incorporation)  of 
a  primary  T  cell  line. 

Differentiation  of  Friend  erythroleuckemia  cells  will  be  stimulated  by 
incubation  of  the  cells  with  DMSO  or  butyric  acid  for  4-6  days.   Hemoglobin, 
produced  by  the  differentiated  cells,  will  be  assayed  spectrophotometrically 
or  by  staining  with  benzidine.   The  ability  of  PEs  to  inhibit  differentiation 
will  be  determined  by  coculturing  the  cells  with  DMSO  and  PEs  and  observing 
decreased  hemoglobin  production. 

Major  Findings:  Three  basic  criteria  for  the  identification  of  specific 
receptors  have  been  met  for  PE  binding  in  normal  human  lymphocytes:   1) 
Maximal  binding  to  whole  cells  is  reached  within  15  min  at  37 °C  or  2  hr  at 
0°,  long  before  the  production  of  TCGF  by  the  cells;  2)  saturation  of  the 
specific  binding  occurs  at  a  concentration  of  PDBu  (10-30  nM)  similar  to 
that  required  to  achieve  maximal  TCGF  production  (10  nM);  and  3)  competition 
for  PDB  binding  by  structural  analogs  shows  the  same  order  of  potency  as 
TCGF  production.   The  specific  binding  has  been  demonstrated  to  be  linear 
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with  cell  number  and  rapidly  reversible.   Scatchard  plots  reveal  a  single 
class  of  sites  (approx.  1-3  X  10^/cell)  with  a  Kd  of  approx.  10  nM.   In 
addition  it  has  been  found  that  the  binding  at  37°  decays  during  the 
following  8  h  whereas  it  is  stable  after  reching  maximum  at  0°.   No  evidence 
for  metabolism  of  ^HPDBu  by  normal  hyman  lymphocytes  has  been  obtained 
during  incubation  at  37°  for  at  least  20  h  and  PEs  at  the  concentrations 
used,  do  not  affect  the  viability  of  the  cells  during  this  time. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  results  obtained  so  far  are  consistent  with  recent  reports  from  two  other 
laboratories  providing  evidence  for  PE  receptors  in  membrane  preparations  of 
fibroblasts,  mouse  epidermal  cells  and  human  peripheral  blood  lymphocytes. 
The  information  obtained  here  considerably  expands  that  obtained  in  the 
earlier  lymphocyte  study.   If  the  receptor  is  a  membrne  component,  this  data 
may  indicate  that,  analogous  to  other  membrane  receptors,  the  PE  receptor  is 
internalized.   The  existence  of  specific  receptors  for  phorbol  esters  also 
suggests  the  existence  of  an  endogenous  ligand  for  those  receptors. 
Determining  the  cellular  mechanism  of  action  of  this  class  of  tumor 
promoters  may  therefore  help  to  explain  some  natural  control  mechanisms  for 
cell  growth  and  differentiation  as  well  as  to  indicate  steps  in  the  mechanism 
which  might  be  affected  in  disease  or  pharmacologically  to  modulate  the 
responses. 

Proposed  Course  of  Research:   In  the  lymphocyte  system,  future  work,  will 
include  subcellular  localization  of  the  PE  receptor,  determination  of  its 
susceptibility  to  various  degradative  enzymes,  and  examination  of  the  effects 
of  agents  (chloroquine  and  metabolic  inhibitors)  which  might  inhibit  the 
suggested  internalization  occurring  at  37°.   Because  of  reported  effects  of 
PEs  on  phospholipid  metabolism,  various  inhibitors  of  those  pathways  will  be 
examined  for  their  effects  on  PE  binding  and  responses.   Parallel  experiments 
will  be  carried  out  in  the  Friend  cell  system.   Advantages  of  this  system  are 
that  1)  PE-sensitive  and  resistant  lines  exist  which  can  be  compared  for 
differences  in  PE  binding  or  steps  subsequent  to  binding  and  2)  Friend 
cells  provide  a  homogenous  population  which  can  be  easily  grown  in  sufficient 
quantity  for  more  detailed  biochemical  examination  of  subcellular  events 
in  the  PE  mechanism  of  action. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Previous  experiments  have  demonstrated  that  carcinomas  as  well  as  hyper- 
plastic lesions  at  high  risk  of  neoplastic  transformation  show  a  high 
frequency  of  angiogenic  response.   Present  attempts  aim  at  detecting 
when  the  angiogenic  capacity  appears  and  whether  this  appearance 
precedes  neoplastic  growth  so  that  detection  of  increased  angiogenic 
activity  may  be  utilized  as  a  marker  for  high  risk  of  neoplastic 
transformation. 


361 


PHS-6040 
(Rev.  10-76) 


Project  No.  Z01  CB  08254-01  LPP 
Project  Description: 

a.  Cells  _in  vitro: 

1.  Evaluation  of  angiogenic  activity  of  "normal"  cells  grown  _in  vitro 
from  passage  0  onward. 

2.  Evaluation  of  angiogenic  activity  of  neoplastic  cells  grown  in  vitro 
for  several  passages. 

3.  Effect  of  viral  infection  and  carcinogen  treatment  on  the  time  of 
appearance  of  angiogenesis. 

b.  Cells  in  vivo; 

1.   Angiogenic  capacity  of  cells  attached  to  subcutaneous  explants  of 
plastic  film  before  the  appearance  of  sarcomas. 

Methods  Employed: 

a.  _in  vitro:   Cells  from  primary  cultures  as  well  as  from  established  cell 
lines  are  implanted  into  a  pocket  of  the  rabbit  cornea.   New  vessel  forma- 
tion is  monitored  every  two  days  for  three  weeks,  using  a  slit-lamp 
stereomicroscope. 

b.  in  vivo:   Plastic  cover  slips  of  small  (7  x  11  mm)  and  large 

(15  x  22  mm)  size  are  implanted  in  the  subcutaneous  tissue  of  CBA/H  mice. 
Sarcomas  are  produced  in  4-6  months  in  mice  with  the  large  cover  slip 
implants  only.   Fragments  of  the  implanted  cover  slips  with  cells  attached 
are  removed  at  various  times  and  reimplanted  in  the  cornea.   Fragments 
from  large  and  small  cover  slip  implants  are  compared. 

Major  Findings: 

a.  in  vitro:   1.   Primary  normal  cell  lines  are  not  angiogenic  in  the 
early  passages;  2.   Neoplastic  cell  lines  show  very  strong  angiogenic 
activity;  3.  Cell  lines  not  yet  tumorigenic  in  syngeneic  animals  or  nude 
mice  show  angiogeneis  in  some  cases  and  4,  The  interdependence  between 
angiogenic  and  neoplastic  behavior  can  be  defined  and  work  is  ongoing. 

b.  In  vivo:   Fragments  from  the  small  cover  slips  show  no  angiogenesis 
from  days  6  to  60  of  implantation.   Fragments  from  the  larger  cover  slips 
have  shown  angiogenesis  in  some  cases  within  3-4  weeks  from  the  time  of 
implantation.   The  possibility  that  angiogenic  capacity  appears  much 
earlier  than  neoplastic  transformation  and  only  in  the  larger  fragments 
(known  to  produce  sarcomas)  is  being  carefully  assessed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Angiogenic  capcity  is  a  property  acquired  by  cells  on  their  way  to  becoming 
neoplastic.   If  one  can  detect  when  the  increment  in  angiogenic  capacity 
occurs,  one  has  a  powerful  tool  to  predict  when  high  risk  of  neoplastic 
transformation  is  present,  thus  early  intervention  would  be  more  feasible. 

Proposed  Course  of  Research:   To  complete  the  project  as  outlined  above. 
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how  the  activity  of  adenylate  cyclase 


SUMMARY,  .OF   WQflK    (200   words  fir   lessj-  undenlLne    keywords 

Studies  nave  heen  devoteci  to  determining 
might  be  altered  and  regulated  in  cultured  fibroblasts.   Studies  on  the  desen- 
sitization  of  hormonal  responsiveness  indicate  that  the  rapid  loss  in  sensi- 
tivity to  catecholamines  is  not  due  to  a  loss  of  B_adrenergic  receptors. 
Rather,  desensitization  seems  to  involve  the  rapid  uncoupling  of  the 
3-receptor  from  adenylate  cyclase.   It  was  also  observed  that  treatment  of  in- 
tact cells  with  quinacrine  completely  blocks,  while  treatment  with  tumor  pro- 
moter (TPA)  enhances,  the  isoproterenol-induced  desensitization  of  the  cyclase. 
These  results  suggest  the  possible  involvement  of  phospholipase  A_2  in  the 
desensitization  process.   Treatment  with  cholera  toxin  converts  the  cyclase 
system  to  a  highly  activated  state  which  is  sensitive  to  inhibition  by  GTP. 
Brief  protease  treatment  of  the  choleragen  activated  membranes  with  papain 
negates  the  guanine  nucleotide  inhibitory  response.   This  proteolytic  effect 
is  selective  in  that  GTP  inhibition  is  not  eliminated  by  protease  treatment 
of  sparsely  populated,  rapidly  growing  cells.   The  results  suggest  that  modu- 
lation of  GTP  stimulatory  versus  GTP  inhibitory  responses  could  serve  an 
important  regulatory  role  in  controlling  cyclic  AMP  production. 
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Project  Description: 

Objectives :   To  investigate  how  adenylate  cyclase  activity,  particularly 
its  hormonal  responsiveness,  is  regulated  in  normal  fibroblasts  to,  in  turn, 
influence  cellular  properties  under  cyclic  nucleotide  control  such  as  the 
regulation  of  cell  proliferation. 

Methods  Employed:   Cell  culture,  standard  biochemical  analysis  of 
3-adrenergic  receptor  binding,  adenylate  cyclase  activity,  and  cyclic  AMP 
levels,  and  SDS-polyacrylamide  gel  electrophoresis. 

Major  Findings:   Studies  have  been  devoted  to  determining  how  adenylate 
cyclase  activity  might  be  regulated  in  normal  fibroblasts  growing  in  culture. 
Incubation  of  intact  NRK  cells  with  (-)isoproterenol  for  20  min  results  in  a 
complete  loss  of  responsiveness  to  catecholamines  as  evidenced  by  a  decreased 
accumulation  of  cyclic  AMP  in  intact  cells  and  a  loss  in  isoproterenol- 
stimulated  adenylate  cyclase  activity.   To  determine,  if  the  fr-adrenergic 
receptor  is  altered  under  conditions  leading  to  desensitization,  hormone 
binding  studies  were  carried  out  by  measuring  the  specific  binding  of  the 
^-adrenergic  antagonist  [%]dihydroalprenolol  (DHA).   Little  change  is  noted 
in  either  the  apparent  number  of  receptors  per  mg  protein  or  in  the  equilib- 
rium dissociation  constants  in  control  versus  desensitized  membranes.   Thus, 
this  rapid  loss  in  sensitivity  to  catecholamines  does  not  appear  to  be 
associated  with  a  loss  of   S-adrenergic  receptors.   However,  prolonged  ex- 
posure of  the  cells  to  isoproterenol  (60  to  120  min)  does  result  in  some 
loss  in  DHA  binding.   The  results  are  consistent  with  a  mechanism  for 
desensitization  involving  the  rapid  uncoupling  of  the  ^-adrenergic  receptor 
from  adenylate  cyclase;  this  rapid  loss  in  hormonal  stimulation  is  readily 
reversible. 

Interestingly,  treatment  of  intact  cells  with  quinacrine  (an  inhibitor 
of  phospholipase  A2)  completely  blocks  the  isoproterenol-induced  desensiti- 
zation of  adenylate  cyclase.   In  contrast,  pretreatment  of  intact  cells 
with  the  tumor  promoter  12-0  tetradecanoyl  phorbol-13-acetate  enhances  the 
rate  of  onset  of  the  desensitized  state.   These  results  suggest  that 
phospholipase  A2  may  be  involved  in  the  desensitization  process. 

Activation  of  the  NRK  adenylate  cyclase  with  cholera  toxin  converts  the 
cyclase  system  to  a  highly  activated  state  which  exhibits  particular 
sensitivity  to  inhibition  by  GTP.   To  achieve  this  highly  activated  state 
it  is  essential  that  the  cyclase  be  fully  stimulated  by  GTP.   To  gain  some 
insight  into  the  mechanism  by  which  certain  endopeptidases  are  able  to  en- 
hance cyclase  activity,  we  determined  the  ability  of  certain  proteases  to 
alter  the  GTP  inhibitory  response.   Of  interest  is  the  observation  that 
limited  proteolysis  eliminates  the  guanine  nucleotide  inhibitory  response; 
the  presence  of  chelator  is  required  for  maximal  protease  effectiveness.   The 
proteolytic  effect  is  selective  in  that  papain  abolishes  the  GTP  inhibitory 
response  only  with  the  cyclase  of  membranes  prepared  from  growth  arrested, 
heavy  cell  population  density  cells.   The  cyclase  of  membranes  prepared 
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from  sparse,  rapidly  growing  cells  continued  to  exhibit  GTP  inhibition  even 
with  protease  treatment,  indicating  that  the  GTP  inhibitory  function  of  the 
cyclase  complex  of  subconf luent,  rapidly  growing  cells  is  stable  to,  or 
protected  from,  the  action  of  papain.   The  chelator  and  cell  population 
density  requirements  for  effective  elimination  of  the  guanine  nucleotide 
inhibitory  response  by  papain  are  similar  to  the  requirements  for  maximal 
protease  activation  of  the  GTP  dependent  activities  of  the  NRK  cyclase 
system.   These  results  indicate  a  close  correlation  between  protease  activa- 
tion of  fibroblastic  adenylate  cyclase  and  the  elimination  of  guanine  nucleo- 
tide inhibition.   This  suggests  that  modulation  of  GTP  stimulatory  versus 
inhibitory  responses  could  serve  an  important  regulatory  role  in  controlling 
cyclic  AMP  production. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Cyclic  AMP  has  an  important  role  in  influencing  numerous  properties  of  normal 
cells,  including  cell  growth  rate  and  morphology.   Thus,  an  understanding  of 
the  regulatory  properties  of  adenylate  cyclase  is  of  importance.   Since 
viral  transformation  also  produces  an  altered  cyclase  system  in  some  cell 
types,  we  can  better  understand  how  this  enzyme  is  made  defective  with 
transformation  by  studying  the  properties  of  the  normal  enzyme.   Such 
studies  should  lead  to  a  better  understanding  of  how  this  enzyme  is  modulated 
during  various  stages  of  cell  growth  and  differentiation  and  following  viral 
transformation. 

Proposed  Course  of  Research:   We  will  continue  to  elucidate  the  regula- 
tory properties  of  the  adenylate  cyclase  system.   Studies  will  be  carried  out 
to  determine  factors  or  conditions  which  might  influence  the  rate  and  extent 
of  both  desensitization  and  resensitization  of  hormonal  responsiveness. 
Specifically,  the  possible  involvement  of  phospholipase  A2  in  the  desensiti- 
zation process  will  be  studied.   Other  studies  will  be  concerned  with 
elucidating  factors  which  serve  to  modulate  the  activation  of  adenylate 
cyclase  by  cholera  toxin.   Specifically,  we  will  determine  possible  inter- 
relationships between  proteolytic  modification,  GTP  inhibition,  and 
picolinic  acid  activation,  with  other  membrane-associated  components 
involved  in  regulating  ADP  ribosylation  of  the  cyclase  system. 

Publications: 
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329-332,  1979. 

2.  Evain,  D. ,  Klee,  C.  and  Anderson,  W.B.   Inhibitory  effect  of  calcium 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  have  concerned  the  regulation  of  hormonal  responsiveness  of  embryonal 
carcinoma  (EC)  cells  versus  differentiated  cell  types  and  the  role  these 
changes  in  hormonal  responsiveness  might  play  in  regulating  differentiation. 
Initial  studies  have  dealt  with  the  characterization  of  the  adenylate  cyclase 
system  of  EC  cells  and  F9  cells,  a  teratocarcinoma  cell  line  that  undergoes 
limited  differentiation  under  normal  culture  conditions.   Of  particular 
interest  is  the  finding  that  these  embryonic  cells  are  quite  responsive  to 
calcitonin;  this  hormonal  response  is  apparently  developed  just  prior  to 
differentiation  into  endodermal  cell  types.   This  raises  the  possibility  that 
cells  develop  a  calcitonin-sensitive  cyclase  system  to  modulate  cyclic  AMP 
and  calcium  levels  and  in  this  manner  regulate  specific  cellular  processes 
during  development.   Other  studies  have  established  that  F9  cells  can  be 
grown  under  defined,  serum-free  conditions  in  the  presence  of  the 
somatomedin-like  peptide  MSA,  transferrin,  and  fibronectin.   This  system 
should  prove  useful  to  study  the  alteration  of  responsiveness  to,  and  the 
mechanism  of  action  of,  insulin-like  mitogenic  factors. 
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Project  Description: 

Objectives:   To  identify  agents  or  conditions  which  might  serve  to 
regulate  early  biochemical  events  involved  in  embryonic  differentiation  and 
development. 

Methods  Employed:   Cell  culture,  standard  biochemical  analysis  of 
adenylate  cyclase  activity  and  cyclic  AMP  levels,  hormone  binding  studies. 

Major  Findings:   Embryonic  carcinoma  cells,  the  stem  cells  of  terato- 
carcinomas,  may  serve  as  a  useful  model  for  studying  early  events  in 
mammalian  development.   To  gain  some  insight  into  possible  regulatory 
parameters  operative  in  germ  cells  we  have  determined  the  responsiveness 
of  the  adenylate  cyclase  system  of  cultured  F9  teratocarcinoma  cells  to 
hormones  and  other  factors  which  might  serve  to  enhance  cyclic  AMP  produc- 
tion.  Of  numerous  hormones  tested  only  calcitonin,  parathyroid  hormone, 
catecholamines,  and  prostaglandin  E^,  stimulate  F9  adenylate  cyclase 
activity.   Of  the  active  hormones,  calcitonin  is  the  most  potent  stimulator 
of  cyclic  AMP  formation.   Treatment  of  intact  F9  cells  with  calcitonin 
results  in  a  time-  and  hormone-concentration  dependent  increase  in  the 
intracellular  concentration  of  cyclic  AMP.   As  recently  reported  by 
Drs.  Kuff  and  Fewell,  the  addition  of  dibutyryl  cyclic  AMP  to  cultures  of 
F9  endodermal  cells  (previously  differentiated  by  treatment  with  retanoic 
acid)  leads  to  a  second  change  in  cell  population  with  the  appearance  of 
neural-like  cells.   This  observation  serves  to  emphasize  the  possible  in- 
volvement of  cyclic  AMP  in  regulating  the  onset  of  specific  differentiation 
processes  in  the  embryonic  cells.   If  so,  altered  responsiveness  to 
cyclic  AMP-mediated  hormones  (i.e.,  calcitonin)  might  serve  to  modulate 
certain  differentiation  processes. 

Preliminary  studies  indicate  that  the  somatomedin-like  peptide  MSA 
serves  as  an  effective  mitogen  with  these  cells.   The  F9  cells  can  be 
grown  under  defined  serum-free  conditions  in  the  presence  of  MSA, 
transferrin,  and  fibronectin.   These  cells  appear  to  offer  an  excellent 
system  in  which  to  study  the  mitogenic  action,  and  developmental  role, 
of  insulin  and  somatomedin. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Teratocarcinomas  are  malignant  tumors  which  are  characterized  by  the  presence 
of  a  distinctive  cell  type  known  as  embryonal  carcinoma  (EC)  cells,  as  well 
as  a  variety  of  differentiated  cell  types.   EC  cells  lose  their  malignancy 
when  they  differentiate  into  other  cell  types  in  vivo.   Thus,  it  may  be 
possible  to  modulate  the  onset  of  differentiation  as  a  treatment  for  certain 
malignant  tumors.   Further,  since  the  early  stages  of  differentiation  in 
EC  cell  culture  In  vitro  have  certain  features  in  common  with  the  differen- 
tiation noted  in  early  mouse  embryo,  we  can  gain  a  better  understanding  of 
the  process  of  normal  embryonic  cell  differentiation  and  learn  how 
malignancy  alters  this  process. 
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Proposed  Course  of  Research:   The  development  of  responsiveness  to 
particular  hormones  may  serve  a  critical  function  in  regulating  the  sequence 
of  events  leading  to  differentiation  of  cells  during  embryogenesis.   Studies 
will  center  on  the  mechanism  whereby  hormonal  responsiveness  is  altered 
during  development,  with  emphasis  on  the  significance  of  the  calcitonin  and 
parathyroid  hormone  responses.   Included  will  be  studies  to  define  the  role 
and  mechanism  of  cyclic  AMP,  calcium,  and  calmodulin  in  the  differentiation 
process.   We  will  also  determine  the  effectiveness  of  somatomedin  as  a  mito- 
geneic  agent  relative  to  other  growth  promoters  at  various  stages  of  develop- 
ment.  This  will  include  MSA  receptor  binding  studies  as  well  as  the 
determination  of  other  biochemical  events  under  MSA  regulation. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Tumor  cells  traverse  basement  membranes  during  the  transition  from  _in  situ  to 
invasive  carcinoma  and  during  passage  through  blood  vessel  walls  in  the 
metastatic  process.   In  vivo  studies  have  shown  that  circulating  tumor  cells 
first  attach  to  the  exposed  basement  membrane.   Attachment  is  followed  by 
focal  dissolution  and  penetration  by  tumor  cell  pseudopodia.   No  previous 
in  vitro  system  has  existed  for  studying  this  process  at  the  biochemical 
or  ultra  structural  level.   We  therefore  have  prepared  whole  sheets  of 
intact  human  amnion  basement  membrane  in  an  _in  vitro  model  of  tumor  cell 
invasion. 
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Project  Description: 

Objectives :   The  objectives  of  this  project  are  to  prepare  whole 
sheets  of   intact  amnion  basement  membrane  and  study  the  interaction  of 
tumor  cells  and  various  normal  cells  with  this  substrate. 

Methods  Employed:   Human  placentas  are  obtained  following  normal 
delivery  and  supplied  on  ice.   Within  a  few  hours  the  amnion  membrane  is 
dissected  free  from  the  chorion  and  rinsed  in  media  containing  antibiotics. 
The  amnion  is  stored  at  4°C  until  use.   The  amnion  epithelium  is  denuded 
by  brief  treatment  with  distilled  water  followed  by  4%  deoxycholate. 
The  whole  or  denuded  amnion  is  mounted  in  2  cm  diameter  ring-shaped 
holders  with  separate  upper  and  lower  chambers.   Tumor  cells  or  normal  cells 
are  placed  on  the  epithelial  surface,  the  stromal  surface  or  the  denuded 
intact  basement  membrane  surface. 

Major  Findings:   Human  amnion  is  utilized  in  a  new  assay  for  tumor  in- 
vasion.  Electron  microscopy  and  immunohistochemistry  studies  show  amniotic 
membrane  to  be  composed  of  a  single  layer  of  pavement-type  epithelial  cells 
attached  to  a  uniform  prominent  basement  membrane  overlying  an  avascular 
stroma.   Following  brief  treatment  with  4%  deoxycholate  the  epithelium  can 
be  removed  leaving  the  basement  membrane  lamina  densa  intact  as  judged  by 
immunohistochemistry,  PAS  and  methenamine  silver  staining  and  by  electron 
microscopy.   By  immunohistochemistry  the  basement  membrane  lamina  densa  is 
shown  to  contain  type  IV  collagen  while  the  stroma  contains  collagens  I  and 
III.   Direct  interaction  of  tumor  cells  or  normal  cells  with  the  basement 
membrane,  or  the  epithelium,  or  the  stroma  can  therefore  be  studied 
independently  _in  vitro.   Highly  metastatic  human  breast  cancer  cells  and 
mouse  melanoma  cells  invade  the  epithelium  basement  membrane  and  stroma  of 
intact  amnion  ^n  vitro. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  amnion  system  has  the  potential  to  be  used  as  an  rn  vitro  assay  for 
human  tumor  cell  invasiveness  _in  vitro.   Furthermore  it  provides  a  means 
to  study  the  biochemical  and  ultrastructural  mechanisms  involved  in  the 
interactions  of  tumor  cells  with  basement  membrane  components  as  well  as 
with  the  stroma  and  epithelium. 

Proposed  Course  of  Research:   a)  Ultrastructural  and  immunohistochemical 
studies  of  the  normal  components  of  amnion  membrane;  b)  characterize  the 
interaction  of  a  wide  variety  of  human  tumor  cells,  rodent  tumor  cells  and 
normal  cells  with  the  amnion  epithelium,  denuded  basement  membrane  and  stroma; 
c)  to  use  the  sheet  of  intact  basement  membrane  as  a  growth  substrate  for 
mammary  epithelium  iji  vitro;  to  develop  a  radioactive  label  method  for  quanti- 
tating  tumor  cell  invasion  of  amnion  basement  membrane;  e)  to  study  the  bio- 
synthesis of  basement  membrane  components  by  amnion;  f)  to  study  the  effect 
of  selective  addition  on  removal  of  basement  membrane  components  from  the 
amnion  on  lamina  densa  morphology  and  on  tumor  cell  invasion,  and  g)  to  study 
the  effect  of  various  physiologic  enzymes  including  type  IV  collagenase  and 
serine  proteases  on  the  ultrastructure  of  the  basement  membrane. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


The  study  is  designed  to  biochemically  characterize  the  collagen  produced 
by  several  human  tumors.   Specifically  the  aims  are  to  study  a)  the  types 
of  collagen  produced  by  various  tumors  and  b)  the  effect  of  malignancy  trans- 
formation on  epithelial  and  chondrocyte  collagen  biosynthesis. 
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Objectives: 

1.  Establishment  of  the  malignant  component  of  a  human  chondrosarcoma  and 
breast  carcinomas  as  a  continuous  line  in  nude  mice. 

2.  Identification  and  purification  of  the  colalgens  produced  by  human 
sarcomas. 

3.  To  identify  the  cell  type  producing  collagen  by  immunofluorescence. 

4.  To  develop  antibodies  to  the  collagens  produced  and  to  further 
characterize  them. 

Methods  Employed:   To  establish  the  malignant  component  of  the  tumor, 
a  human  chondrosarcoma  is  transplanted  into  nude  mice  and  serially  passaged. 
Human  chondrosarcomas,  osteosarcomas,  or  carcinomas  are  taken  directly  from 
the  operating  room  when  tumor  cells  are  still  viable.   Both  tumors  are  then 
incubated  with  [^^C]proline  in  the  presence  of  ascorbate,  to  initiate 
collagen  synthesis,  and  3-aminopropionitril,  to  inhibit  cross-linking. 
The  collagen  then  is  extracted  using  2  methods:   a)  NaCl  precipitation 
at  acid  and  neutral  pH  and  b)  ion-exchange  chromatography  using  a  DEAE 
cellulose  column  with  NaCl  gradient.   The  collagen  is  then  studied  by  SDS 
polyacrylamide  gel  electrophoresis  employing  pepsin  digestion  and  treatment 
with  bacterial  collagenase.   To  establish  the  identity  of  the  collagen  pro- 
duced, extracts  are  subjected  to  cyanogen  bromide  cleavage  and  the  subsequent 
peptides  are  mapped  on  polyacylamide  gels.   Purified  extracts  are  then 
injected  into  rabbits  and  antibody  is  collected.   Sections  of  tumor  are 
studied  with  immunofluorescence  using  antibodies  to  types  I,  II,  III  and 
IV  collagen. 

Major  Findings: 

1.  Human  osteosarcoma  produces  essentially  type  I  collagen. 

2.  Human  chondrosarcoma  produces  predominantly  type  II  collagen. 

3.  Human  pro  type  II  collagen  can  be  isolated  from  the  chondrosarcoma.   This 
is  the  first  time  human  protype  II  collagen  has  been  isolated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  characterization  of  these  tumors  can  establish  what  effect  malignancy 
has  on  the  biosynthesis  of  collagen  by  chrondrocytes  and  thus  identify  the 
pathogenesis  of  these  connective  tissue  sarcomas. 

Proposed  Course  of  Research:   a)  to  develop  a  radioimmunoassay  to 
human  type  II  collagen  and  relate  collagen  turnover  to  different  disease 
states  and  b)  to  correlate  the  type  of  collagen  synthesized  with  the 
biologic  behavior  of  the  human  tumor. 

Publications: 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  already  characterized  and  partially  purified  a  collagenase,  produced 
by  several  metastatic  tumors,  which  specifically  degrades  basement  membrane 
(type  IV)  collagen.   We  also  have  correlated  the  metastatic  potential  rn  vivc 
of  different  tumor  cell  lines  with  the  production  of  this  enzyme.   We  are 
trying  to  obtain  an  antiserum  on  this  enzyme  to  better  understand  the 
mechanism  of  activity  on  the  substrate  and  the  effective  role  of  this 
collagenase  in  the  metastatic  process. 
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Project  Description: 

Objectives:   The  objectives  of  this  project  are  to  obtain  an  antiserum  to 
anti-type  IV  collagenase  and  to  use  it  to  study  the  site  of  action  and  the 
mechanisms  of  activation  of  the  enzyme  in  vivo,  then  to  check  the  possibility 
of  inhibition,  in  vivo  and  _in  vitro,  the  enzymatic  activity  and  the  metastatic 
process. 

Methods  Employed:   Crude  collagenase  is  obtained  from  serum-free  cultures 
of  highly  metastatic  mouse  tumor  (PMT  sarcoma).   The  enzyme  activity  is  pre- 
cipitated with  ammonium  sulfate  and  purified  by  molecular  sieve  and  collagen 
affinity  chromatography.   Trypsin  activated  or  inactivated  enzyme  is  applied 
to  gel  electrophoresis  and  the  enzyme  bands  are  cut  out,  minced  and  injected 
directly  S.Q.  into  a  rabbit.   This  is  followed  by  booster  injections.   The 
specificity  of  the  antibody  will  be  verified  by  immunoprecipitation.   Presence 
of  specific  antibodies  will  be  confirmed  by  immunodiffusion  and  immunof luores- 
cense  experiments  on  frozen  sections.   This  last  procedure  is  applied  to 
specimens  of  human  tumors  obtained  at  surgery.   In  addition,  the  effect  of 
the  antiserum  on  tumor  cell  metastases  _in  vivo  is  assayed.   After  checking 
the  viability  of  the  cells,  preincubated  with  the  antibodies,  they  are 
injected  I.V.  in  mice  to  study  the  possible  effect  in  retarding  or  preventing 
their  metastatic  capacity. 

Major  Findings:   Collagenase  activity  specific  for  type  IV  collagen  is 
already  continuously  obtained  from  mice  tumors  and  partially  purified  in  our 
lab  by  molecular  sieve  and  Con  A-agarose  chromatography.   We  demonstrated 
the  direct  correlation  between  the  amount  of  enzymatic  activity  elaborated 
by  the  tumor  cells  and  their  characteristic  metastatic  potential  _in  vivo. 
The  non-metastatic  tumors  do  not  produce  any  such  detectable  activity. 
Injection  of  the  enzyme  _in  vivo  caused  localized  leakage  of  IV  injected 
Evans  Blue  dye  out  of  vessels.   Latent  collagenase  was  elaborated  by  human 
breast  carcinoma  cells  in  continuous  culture.   Our  hypothesis  is  that  this 
collagenase,  which  degrades  the  major  structural  component  of  the  basement 
membranes,  is  an  important  mechanism  that  allows  the  tumor  cells  to  traverse 
this  mechanical  and  physiological  barrier  and  to  reach  first  the  blood  circu- 
lation and  later  to  leave  it  and  pass  on  to  new  tissues. 

We  have  produced  antibodies  to  the  partially  purified  enzyme:   1)  after 
the  incubation  of  the  enzyme  with  the  antiserum  and  precipitation  of  the 
complexes,  we  failed  to  find  enzymatic  activity  in  the  supernate;  2)  2  hrs 
preinculbation  of  PMT  sarcoma  cells  with  the  antiserum  followed  by  their  I.V. 
injection  on  to  the  mice,  completely  inhibited  the  formation  of  pulmonary 
metastases.   The  normal  rabbit  serum  did  not  affect  or  interfere  with  the 
metastatic  capacity. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Specific  antibody  against  tumor  collagenase  may  be  useful  as  a  diagnostic 
tool  when  used  in  a  radioimmunoassay. 
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Proposed  Course  of  Research:   The  future  course  of  this  research  will 
involve:   a)  purification  of  the  immunoglobulin  fraction  from  the  antiserum; 
b)  radioimmunoassay  to  quantitate  the  enzyme;  c)  active  immunization  of 
animals  and  d)  studies  on  the  interaction  antibodies-collagenase  to  have 
more  information  on  the  production  and  activation  of  the  enzyme. 
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the  location  of  this  protein  before  and  after  normally  induced  regression  of 
mammary  carcinoma.   A  procedure  has  been  developed  to  isolate  this  protein 
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Project  Description: 

Objectives:  The  objective  of  this  study  is  to  use  antibodies  against 
regulatory  subunits  (Type  1  and  II)  of  protein  kinase  to  establish  the  hormone 
responsiveness  of  mammary  tumors.   We  hope  to  show,  using  immunof luorescent 
techniques  that  rat  mammary  carcinomas  which  regress  with  hormonal  therapy 
have  significant  amounts  of  regulatory  subunit  in  their  cytoplasm  and  these 
subunits  translocate  to  the  nucleus  after  hormonal  therapy.   However,  in  those 
rat  mammary  tumors  which  do  not  respond  to  endocrine  manipulation  the  regula- 
tory subunit  will  not  show  any  translocation  to  the  nucleus. 

We  hope  further  to  extend  these  studies  to  human  breast  tumors  by  using 
antibody  produced  from  protein  kinase  isolated  from  human  red  blood  cells. 
These  antibodies  will  be  applied  to  frozen  sections  of  breast  cancer  made  from 
operative  specimens.   These  specimens  will  first  be  incubated  with  and  without 
hormone  in  an  attempt  to  see  whether  protein  kinase  will  translocate  to  the 
nucleus.   Second,  we  will  do  a  retrospective  study  looking  for  the  presence  of 
protein  kinase  regulatory  subunit  in  human  breast  cancer  by  making  sections  of 
tumors  stored  in  paraffin  blocks  and  staining  with  antibody.   We  hope  to  be 
able  to  correlate  these  results  with  the  already  known  response  of  the  patient 
to  hormonal  therapy. 

Finally,  we  would  like  to  use  these  antibodies  to  study  the  interaction 
of  the  regulatory  subunit  with  other  proteins  within  the  cell.   Specifically, 
whether  the  regulatory  subunit  of  protein  kinase  is  also  part  of  the  adenyl 
cyclase  molecule. 

Methods  Employed:  Rat  tissues  and  human  blood  are  the  source  for  regula- 
tory subunits.   These  proteins  have  been  isolated  by  DEAE  cellulose  and  cyclic 
-AMP  affinity  gel  chormatography  followed  by  nondenaturing  and/or  denaturing 
polyacrylamide  electrophoresis.   The  Regulatory  subunit  is  sliced  from  the 
gel  and  injected  into  the  rabbit. 

Major  Findings:  Antibodies  against  crude  preparations  of  regulatory 
protein  could  be  used  in  an  immunof luorescent  assay  in  various  tissues. 
Further,  isolation  of  slightly  impure  regulatory  subunit  could  only  be 
accomplished  by  using  cyclic  AMP  agarose  gel  having  a  two  carbon  spacer 
between  the  cyclic  AMP  and  the  agarose  backbone.   However,  if  preparations 
were  used  in  isolation  procedures  having  a  longer  spacer,  then  regulatory 
subunit  could  not  be  isolated.   Final  purification  always  required  gel 
electrophoresis  with  slicing  of  the  appropriate  protein  band. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 
Since,  in  some  animal  models,  a  normally  functioning  cyclic  AMP  receptor 
protein  is  necessary  for  certain  types  of  hormonally  induced  regression  of 
mammary  carcinoma,  it  is  hoped  that  antibodies  to  these  molecules  can  be 
used  as  a  tool  to  predict  which  human  carcinomas  will  respond  to  specific 
hormonal  manipulations. 
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Proposed  Course  of  Research;   Antibodies  produced  will  be  first  used  to 
survey  a  number  of   normal  and  malignant  tissues  and  identify  the  location  of 
protein  kinase.   We  will  then  compare  the  location  of  this  protein  subunit  in 
hormonally  responsive  and  unresponsive  rat  mammary  carcinomas  before  and  after 
hormonal  treatment.   Further,  these  tumors  will  be  studied  in  vitro  using  tumor 
slices  from  which  frozen  sections  can  be  made  to  better  correlate  response,  i.e, 
translocation  the  nucleus,  with  hormone  concentration. 

After  studying  the  rat  model,  we  hope  to  extend  these  observations  to 
human  breast  tumors  using  antibodies  prepared  against  regulatory  subunit  from 
human  red  blood  cells.   We  will  look  at  frozen  sections  of  breast  tumors  from 
operative  specimens  for  the  presence  of  cyclic  AMP  receptor  and,  for  the 
ability  of  this  receptor  to  translocate  to  the  nucleus.   By  studying  tumors 
from  patients  that  have  already  been  treated,  using  sections  from  paraffin 
blocks,  we  hope  to  correlate  the  presence  of  cyclic  AMP  receptor  with  response 
to  endocrine  manipulation. 

Publications     None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Evidence  has  been  obtained  suggesting:   1)  the  presence  of  a  high  concentra- 
tion of  copper  ions  in  purified  preparations  with  angiogenesis  activity,  both 
from  tumor  extracts  and  normal  tissues;  2)  a  stimulatory  action  of  copper  ions 
on  the  migration  of  endothelial  cells  in  vitro  and  3)  angiogenic  activity 
of  PGE^.   The  objective  of  this  work  is  to  verify  in  vivo  the  role  of  copper 
ions  during  neovascularization  induced  by  PGEj. 
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Project  Description: 

Methods  Employed:   The  model  used  to  study  angiogenesis  is  the  rabbit 
cornea  -  angiogenesis  is  induced  by  implant  of  a  polymer  pellet  which  slowly 
releases  PGE^.   Formation  of  vessels  is  observed  in  about  5  days.   Control 
rabbits  receive  implants  of  either  the  same  polymer  plus  a  non-active  sub- 
stance or  the  polymer  pellet  alone.   About  3  days  after  PGE^  implants  and 
before  new  formation  of  vessels  is  evident,  corneas  are  removed  frozen,  and 
trace  element  analysis  for  copper  ions  is  done  by  Inductively  Coupled 
Plasma  Emission  Spectrometry. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 
To  define  the  roles  of  PGE^  and  copper  ions  in  the  angiogenesis  process 
occurring  during  tumor  growth. 
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None 
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The  relative  efficiency  of  the  local  irroration  of  tumors  was  tested  with 
a  novel  approach.  The  tumor  was  grown  to  incorporate  3  thermistors  and  was 
supplied  by  a  single  artery  and  vein.   The  vein  was  cannulated  and  the 
blood  flow  of  the  whole  tumor  was  continuously  measured  while  a  cold  pulse 
of  plasma  was  injected  in  the  tumor  artery.   From  the  changes  in  temperature 
measured  by  the  3  thermistors  it  was  calculated  that  areas  of  the  tumors  can 
be  almost  totally  deprived  of  blood  for  several  minutes  while  most  of  the 
blood  is  passing  through  another  area.   The  intermittence  of  blood  flow 
shields  regions  of  the  solid  tumor  from  substances  with  pulse-type  concen- 
tration in  the  blood  stream. 
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Objectives :   To  quantitate  in  vivo  differences  in  local  irroration  of 
the  solid  tumor.   To  characterize  the  physiological  behavior  of  the  tumor 
vascular  network  during  hypo-  and  hyperthermia. 

Methods:   A  tumor  preparation  was  derived  from  the  inguinal  fat  pad  with 
2  primary  characteristics:   Only  one  artery  and  one  vein  supplied  the  tumor 
and  3  thermistors  were  incorporated  by  the  growing  tissue.   A  capillary-type 
catheter  was  introduced  into  the  inferior  epigastric  artery  via  the  iliac 
artery  and  a  pulse  of  cold  plasma  was  injected  into  the  vascular  system  of 
the  tumor.   The  temperatures  of  the  tumor  as  registered  by  the  3  thermistors 
in  3  different  sections  were  recorded  with  the  rectal  temperature  of  the  host. 
The  vein  carrying  the  efferent  tumor  blood  was  cannulated  and  the  total 
blood  flow  of  the  tumor  was  determined  before,  during  and  after  the  cold 
pulse  as  well  as  the  blood  temperature. 

Major  Findings:  (1)  A  new  experimental  approach  has  been  developed  to 
evaluate  local  blood  supply  to  tumors  and  to  study  the  physiological  events 
that  may  be  influenced  by  thermal  effects  on  the  neoplastic  tissue.  (2)  The 
temperature  of  the  tumor  follows  a  circadian  rhythm.  (3)  Within  a  subcut. 
growing  tumor  there  are  differences  in  the  temperature  that  may  be  as  high 
as  1°C.  (4)  The  response  of  the  tumor  vascular  network  to  a  cold  plasma 
pulse  is  slower  and  much  less  intense  than  that  of  a  normal  vascular  net- 
work. (5)  The  temperature  changes  within  the  tumor  induced  by  the  cold 
pulse  indicate  that  blood  flow  can  be  reduced  by  90%  in  one  area  and  be 
almost  unchanged  in  an  adjacent  area  regardless  of  necrosis.   This  suggests 
that  large  sections  of  neoplastic  tissue  have  intermittent  blood  supply. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  distribution  of  drugs  within  the  tumor  depends  on  the  rate  of  blood 
flow  through  the  vascular  network  during  the  time  an  effective  concentration 
is  maintained.   The  knowledge  of  the  conditions  necessary  to  minimize  the 
response  of  the  vascular  network  is  of  major  importance  for  tumor  treat- 
ment.  Thermotherapy  is  applied  to  tumors  and  knowedge  of  tumor  vessels 
response  to  temperature  changes  is  indispensable  for  a  successful  treatment. 

Proposed  Course  of  Research:   To  complete  the  investigation  and 
develop  a  mathematical  model  that  permits  predictions. 

Publications: 

1.  Gullino,  P.  M. :  Influence  of  blood  supply  on  thermal  properties  and 
metabolism  of  mammary  carcinomas.  Ann.  N.  Y.  Acad.  Sci. ,  335:  1-21, 
1980. 

2.  Jain,  R.  K.  and  Gulino,  P.  M. :   Analysis  of  transient  temperature 
distributions  in  a  perfused  medium  due  to  a  spherical  heat  source  with 
application  to  heat  transfer  in  tumors:  Homogeneous  and  infinite  medium. 
Chem.  Eng.  Commun.  4:95-118,  1980. 
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LABORATORY  OF  THEORETICAL  BIOLOGY 

SUMMARY 

October  1,  1979  through  September  30,  1980 

Summary  Report 

The  activities  of  the  Laboratory  of  Theoretical  Biology  (LTB)  fall  into 
several  broad  areas:  membrane  biophysics,  immunology,  macromolecular  configu- 
rations, kinetics  of  metabolic  systems,  computational  methodology,  and  theory 
related  to  modeling.   Most  of  the  work  is  theoretical,  but  experiments  are 
also  carried  out  in  the  laboratory.   Much  of  the  theoretical  work  and  modeling 
is  done  in  collaboration  with  experimental  groups  at  NIH  and  elsewhere. 

The  relationship  between  membrane  structure  and  function  is  actively  investi- 
gated (R.  Blumenthal,  J.N.  Weinstein,  R.D.  Klausner,  P.  Dragsten  and  E. 
Ralston)  using  two  basic  approaches,  which  include  both  experimental  and 
theoretical  parts:  One  approach  is  to  study  dynamics  of  molecular  motion  on 
single  cells  with  a  variety  of  fluorescent  techniques,  most  importantly 
fluorescence  photobleaching  recovery.   These  studies  have  led  to  the  following 
conclusions:   1.  Membrane  lipids  appear  to  be  organized  in  domains  of  dif- 
ferent fluidity.   2.  Alterations  in  lipid  chain  mobility  do  not  affect  protein 
mobility.   3.  Proteins  move  more  slowly  than  predicted  from  simple  diffusion 
considerations  and  their  movement  might  be  under  cytoskeletal  control.   4.  A 
considerable  fraction  of  membrane  protein  is  always  immobile.   5.  In  epithelial 
cell  membranes  asymmetry  between  apical  and  basolateral  surfaces  is  maintained 
by  immobilization  of  membrane  proteins  on  one  hand,  and  selectivity  of  the 
tight  junctions  for  lipids  on  the  other. 

The  other  approach  is  to  separate  membrane  components  (lipid,  proteins)  and 
study  their  interactions  when  they  are  recombined.   The  starting  point  for 
this  approach  is  the  lipid  model  membrane  either  in  the  form  of  lipid  vesicles 
or  of  planar  black  lipid  membranes  (BLM) . 

To  study  lipid-protein  interactions  we  have  developed  a  method  called  "phase- 
transition  release"  (PTR) .   It  is  based  on  the  relief  of  self-quenching  of  a 
fluorescent  dye  encapsulated  in  lipid  vesicles  when  the  protein  interacts  with 
the  lipid  bilayer  at  its  phase  transition.   With  serum  lipoproteins  (apo-Al, 
apo-A2)  and  with  cytoskeletal  proteins  (tubulin,  actin)  this  process  has  been 
studied  in  great  detail,  and  new  lipid-protein  recombinant  structures  have 
been  defined.   We  have  also  studied  the  interaction  with  lipid  bilayer 
membranes  of  a  purified  membrane  receptor  protein,  the  hepatic  binding  protein 
involved  in  receptor-mediated  endocytosis  of  asialoglycoproteins.   The  inter- 
action did  not  depend  on  the  phase  transition.   Evidence  for  conformational 
changes  in  the  receptor  upon  interaction  with  vesicles  and  with  ligand  have 
been  found,  and  studies  with  a  black  lipid  membrane  (BLM)  suggest  voltage- 
dependent  translocation  of  this  protein  across  the  lipid  bilayer. 

These  studies  are  aimed  at  elucidating  mechanisms  of  assembly  of  proteins  into 
membranes.   Several  general  principles  have  emerged  from  this  work:  1.  Hydro- 
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phobic  segments  of  a  protein  could  form  a  "wedge"  for  insertion  of  the  whole 
protein  into  the  bilayer.   2.  The  membrane  potential  might  regulate  the  dis- 
disposition  of  certain  membrane  proteins.   3.  Reconstitutions  of  a  number  of 
proteins  in  lipid  bilayers  can  be  achieved  without  detergent,  in  some  cases  at 
the  lipid  phase  transition. 

We  have  also  used  lipid  vesicles  to  probe  properties  of  cell  surfaces.   These 
studies  of  directed  interaction  between  lipid  vesicles  and  cells  are  applic- 
able to  problems  in  cell  biology  and  to  possible  uses  of  liposomes  in  clinical 
therapy.   In-vitro  studies  are  aimed  at  understanding  membrane-membrane 
interactions  occurring  in  such  processes  as  cell  fusion,  and  at  developing 
fluorescently- labeled  liposomes  as  markers  for  cell  surface  receptors.   The 
in-vivo  studies  are  aimed  at  developing  ways  to  targeting  drug-laden  liposomes 
to  particular  local  areas,  for  example  tumors  and  sites  of  infection.   To  this 
end  we  have  designed  "temperature-sensitive"  liposomes,  which  break  down  and 
release  encapsulated  drugs  primarily  in  areas  heated  a  few  degrees  above 
physiological.   By  this  approach,  methotrexate  was  delivered  selectively  to 
solid  mouse  tumors,  and  growth  of  the  tumors  was  delayed.   In  a  second 
approach  to  targeting  of  drugs,  we  have  used  antibody  to  direct  liposomes  to 
particular  cell  types.   After  specific  immunoglobul in-mediated  binding  to  the 
Fc-receptors  of  phagocytic  tumor  cells,  the  liposomes  were  endocytosed;  an 
encapsulated  drug  (methotrexate)  escaped  from  the  phagolysosomal  system  to 
affect  the  cells'  physiology. 

During  his  sabbatical  here  from  the  Weizmann  Institute  in  Israel,  Dr.  S.R. 
Caplan  got  involved  in  two  projects.   One  deals  with  conformational  changes 
of  bacteriorhodopsin  in  the  purple  membrane  of  Halobacterium  halobium.   These 
changes  are  produced  by  a  light  driven  proton  pump,  and  analysis  of  tryptophan 
fluorescence  data  suggests  that  there  are  two  populations  of  f lourophores, 
only  one  of  which  is  altered  by  light  adaptation.   The  second  project  deals 
with  an  important  problem  in  irreversible  thermodynamics:  the  linear  behavior 
of  systems  away  from  equilibrium.   Using  a  model  for  (Na,K)-ATPase ,  linear 
behavior  of  the  coupled  oxidative  phosphorylation  by  mitochondria  was  shown. 
Linearity  of  this  type  has  important  implications  in  the  non-equilibrium 
thermodynamic  analysis  of  the  efficiency  of  energy  conversion,  degree  of 
coupling  and  stability  of  biological  energy  transducing  systems. 

The  development  and  application  of  mathematical  techniques  for  describing 
receptor  clustering  on  the  plasma  membrane  continued  (C.  DeLisi) .   The  results 
were  incorporated  into  a  theory  of  the  response  of  sensitized  basophils  and 
mast  cells  which  were  proposed  to  explain,  in  terms  of  the  physical  chemistry 
of  cell  surface  events,  the  biochemical  pathway  (histamine  release,  specific 
desensitization,  non  specific  desensitization)  selected  by  the  cell.   Aside 
from  predicting  the  parameters  of  importance  in  the  control  of  this  choice, 
the  theory  also  provides  an  explanation  for  the  wide  range  of  qualitative 
differences  observed  in  dose  response  curves.   The  work  is  in  collaboration 
with  R.  Siraganian,  NIDR. 

Experimental  applications  of  cell  surface  events  were  extended  to  analysis  of 
the  kinetics  of  insulin  binding  to  lymphocytes  (DeLisi  and  Chabay)  and  IgG 
complexes  interacting  with  Fc  receptors  on  macrophages  (DeLisi,  Dower,  Segal). 
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Collaboration  continued  with  P.  Baker  (NIAID)  on  modeling  certain  aspects  of 
systemic  regulation  of  the  immune  response.   The  model  is  intended  primarily 
for  T-independent  antigens,  but  a  number  of  regulatory  features  are  expected 
to  be  general.   Several  predictions  including  oscillations  in  antibody 
affinity,  are  now  being  tested  experimentally. 

Stabilities  of  macromolecular  conformations  are  determined  from  interatomic 
interactions;  these  can  be  classified  in  terms  of  the  distances  between  inter- 
acting centers,  as  being  short  range,  medium  range  or  long  range.   The  relative 
importance  of  each  type  of  interaction  in  proteins  is  being  assessed  (Jernigan 
and  Miyazawa).   Short  and  medium  range  interactions  alone  determine  most  of 
the  regular  secondary  structures  such  as  a-helices  and  3-strands.   An  abundance 
of  favorable  interactions  appears  to  provide  stability  for  regular  regions  such 
that  many  native  conformations  are  maintained  through  a  wide  range  of  external 
conditions.   Effects  of  long  range  interactions  are  more  difficult  to  evaluate. 
Studies  are  underway  to  determine  the  extent  of  perturbation  by  long  range 
interactions,  of  the  conformations  indicated  by  only  short  and  medium  range 
interactions. 

Evaluation  of  interatomic  interactions  directly  yields  relative  probabilities 
of  various  protein  conformations.   It  is  necessary  to  select  best  sets  of 
conformations;  several  selection  schemes  for  cases  with  short  and  medium  range 
interactions  have  been  developed  and  evaluated.   Such  methods  yield  a  quanti- 
tative assessment  of  the  relative  stabilities  of  protein  conformational  frag- 
ments.  This  information  permits  determination  of  possible  effects  of  external 
small  molecules,  sequence  mutations  and  species  variations.   Long  range  inter- 
actions are  randomly  generated  by  computer  from  the  shorter  range  conforma- 
tional probabilities.   Perturbed  conformational  probabilities  are  then 
calculated  for  each  residue. 

Modeling  of  the  endocrine  systems  has  continued  with  emphasis  on  lipoproteins, 
the  glucose-insulin  system  and  receptors.   Further  extension  of  the  model  for 
lipoproteins  has  been  made  by  studying  direct  triglycerides  synthesis  pathways 
for  Low  Density  Lipoproteins  (LDL)  and  High  Density  Lipoproteins  (HDL).   Both 
of  these  pathways  can  be  determined  from  glycerol  precursor  data.   Most  of  the 
HDL-TG  seems  to  come  from  VLDL  (Very  Low  Density  Lipoproteins).   HDL-TG 
exchange  with  VLDL-TG  can  also  account  for  about  one  third  of  the  slow  VLDL-TG 
component  seen  after  a  glycerol  tracer  and  thus  supports  our  previous  finding 
that  there  is  a  slow  VLDL-TG  production  pathway  (Berman,  Riemke,  Wastney). 

The  highlight  of  the  lipoprotein  kinetic  modeling  was  a  conference  which  we 
organized  in  Phoenix,  Arizona  with  Drs.  S.  Grundy  and  B.  Howard  in  which  most 
experimental  groups  involved  in  lipoprotein  kinetic  studies  participated. 
About  sixty  people  attended  the  Conference,  and  various  modeling  approaches 
developed  over  the  past  ten  years  or  so  were  reviewed  and  discussed.   This 
Conference  served  to  integrate  various  modeling  approaches  within  a  unified 
framework  and  increased  the  appreciation  of  the  various  groups  for  the 
approaches  of  others.   Proceedings  of  the  Conference  are  being  prepared 
(Berman) . 
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The  major  effort  in  the  glucose-insulin  system  revolved  about  the  mechanisms 
of  insulin  binding  to  receptors  and  its  degradation  pathways  in-vivo.   Further 
experiments  were  carried  out  (Drs.  J.  Roth  and  E.A.  McGuire)  in  rabbits  using 
pork  and  guinea  pig  insulins  and  proinsulin.   Analyses  of  these  experiments 
support  our  previous  findings  that  there  are  both  partial  as  well  as  "total" 
degradation  pathways.   The  new  findings  are  that  some  of  the  degradation 
pathways  are  receptor-associated  while  others  are  not  (Berman). 

Various  receptor  systems  are  being  modeled  mostly  from  in-vitro  data.   The 
insulin  receptor  model  utilizes  data  published  by  Olefski,  Gorden  and  others, 
and  combines  binding  as  well  as  degradation  processes.   The  results  support 
parallel  conclusions  arrived  at  from  in-vivo  studies  on  rabbits  that  degrada- 
tion is  in  part  receptor  associated  and  in  part  receptor  independent.   Work 
was  also  resumed  on  the  glucagon  receptor,  in  collaboration  with  Dr.  Rodbell 
of  the  NIAMDD.   The  new  models  take  into  consideration  most  recent  findings  on 
the  interrelations  between  hormone,  GTP,  and  the  catalytic  units  (Chabay, 
Thakur,  Berman).   Kinetics  related  to  other  receptors  are  also  being  looked 
at. 

The  modeling  techniques  have  been  greatly  improved  this  year  by  implementing  a 
new  version  of  conversational  SAAM  (CONSAM)  on  our  VAX  11/780  computer. 
Tektronix  4025  serve  as  terminals  and  are  connected  directly  to  the  VAX 
11/780.   This  new  system  has  practically  revolutionized  our  modeling  and 
opened  new  possibilities  for  further  extension  and  automation  of  the  modeling 
process  (Boston,  Greif,  Berman). 

The  modeling  of  special  systems,  such  as  zinc  metabolism  in  man  (with  Dr. 
Henkin  of  Georgetown  Univ.),  amino  acid  transport  in  vesicles  (Dr.  Segel  of 
Childrens  Hospital,  Phila.)  and  others  has  continued.   Consultations  and 
interactions  with  other  investigators  on  modeling  methodology  has  also  taken 
place. 
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Project  Description 

Objectives:   To  develop  a  general  purpose  computer  program  for  modeling  bio- 
kinetic  systems  that  may  readily  be  used  by  investigators  not  sophisticated 
in  mathematics  or  programming.   Initiated  in  1959,  the  program  continues  to 
be  expanded  and  revised  as  new  features  are  added. 

Major  Findings;  Major  improvements  have  been  incorporated  in  conversational 
SAAM.   The  capability  to  store  and  retrieve  prior  solutions  has  been 
developed.   An  editor  for  updating  input  decks  was  expanded  (Boston).   The 
graphics  capabilities  have  been  expanded  (Greif ) .   Considerable  efforts  went 
into  the  conversion  of  SAAM  systems  to  the  new  VAX  11/780  computer. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
SAAM  computer  program  has  been  a  most  essential  tool  in  the  modeling  of  var- 
ious systems  described  elsewhere  in  this  Laboratory  report.   Its  wide  use  in 
other  centers  in  the  United  States  and  elsewhere  is  further  evidence  of  its 
value  in  biomedical  research. 

Publications: 

Berman,  M. :   Simulation,  Data  Analysis  and  Modeling  with  the  SAAM  Computer 
Program.   In  J.H.  Matis,  B.C.  Patten,  and  G.C  White  (Eds.):   Proceedings  of 
Satellite  Program  in  Statistical  Ecology,  Fairland,  MD,  Internat'l. 
Co-operative  Publishing  House.   1979,  pp.  125-130. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Analysis  of  various  kinetic  and  metabolic  systems  by  the  use  of  mathemati- 
cal models  carried  out  with  other  investigators.   These  include  long  range  zinc 
studies  in  man  (Babcock,  Foster),  extension  of  the  deconvolution  technique  to 
time  dependent  systems,  ect. 
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Project  Description: 

Objectives:   Analysis  of  data  on  metabolic  systems,  and  further  development 
of  modeling  theory  and  techniques  through  the  applications  of  the  SAAM  compu- 
ter program. 

Major  Findings:   Various,  projects  are  continuing  at  a  slowed  down  pace  and 

no  major  findings  are  reported  for  this  year  although  progress  has  been  made 

in  several  areas  especially  in  relation  to  some  theory  related  the  automation 
of  the  modeling  process. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
methodology  of  modeling  is  most  essential  for  studying  the  behavior  of  complex 
systems  for  both  normal  and  abnormal  states. 

Proposed  Course:   This  is  a  continuing  process  for  the  development  of  theory 
for  and  the  application  of  modeling  techniques. 

Publications : 

Babcock,  A.K. ,  Garvey,  T.Q. ,  III,  and  Berman,  M. :   A  mathematical  model  for 
membrane  transport  of  amino  acid  and  Na   in  vesicles.   J.  Biol.  Chem.  49:  157- 
169,  1979. 

Foster,  D.M. ,  Aamodt,  R.L.,  Henkin,  R.I.  and  Berman,  M. :   Zinc  metabolism  in 
humans:   A  kinetic  model.   Am.  J.  Physiology.   237:  340-349,  1979. 

22  + 
Garvey,  T.Q.  ,  III,  and  Babcock,  A.K. :   Amino  acid  and   Na  uptake  in  membrane 

vesicles  from  confluent  simian  virus  40  transformed  Balb/c3T3  and  Balb/c3T3. 

J.  Mem.  Bio.   49:  139-156,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Diffusion  of  fluorescently  labelled  molecules  (proteins,  lipids,  carbohy- 
drates) on  cell  surfaces  is  measured  by  the  technique  of  fluorescence  photoblea- 
ching  recovery  (FPR) .   Generally  fifty  to  ninety  percent  of  the  detectable 
membrane  proteins  (cell  surface  receptors  for  antigens,  lectins  and  hormones) 
are  free  to  move  in  the  membrane  with  diffusion  coefficients  of  about  10 
cm  /sec.   The  remaining  are  immobile.   Lipid  probes  usually  have  diffusion 
constants  of  about  10   cm  /sec,  with  essentially  all  the  probe  mobile  in  the 
membrane.   The  technique  has  recently  been  applied  to  the  question  of  membrane 
asymmetry  between  apical  and  basolateral  surfaces  in  epithelial  cell  cultures. 
One  surface  of  the  cell  is  labeled  with  a  fluorescent  probe  and  movement  of 
that  probe  across  the  tight  junction  to  the  other  surface  is  assessed.   Other 
techniques  to  measure  movement  of  molecules  in  membranes  are  fluorescence 
polarization,  fluorescence  energy  transfer  and  fluorescence  life  time  hetero- 
geneity analysis.   Those  experiments  lead  to  the  notion  that  lipids  in  cell 
membranes  are  not  homogeneously  dispersed,  but  are  organized  in  domains  of 
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Project  Description: 

Objectives:   To  study  the  role  played  in  cell  membranes  by  the  mobility  and 
distribution  of  cell  surface  receptors.   To  study  the  physiological  signifi- 
cance of  domains  of  lipid  in  membranes.   To  study  factors  which  constrain  the 
movement  of  membrane  protein  and  lipids  to  specific  areas  of  the  cell  surface. 

Methods  Employed:   Diffusion  of  fluorescently  labelled  molecules  (proteins, 
lipids,  carbohydrates)  on  cell  surface  is  measured  by  the  technique  of  fluore- 
scence photobleaching  recovery  (FPR) :  a  small  spot  on  the  fluorescent-labeled 
surface  is  photolytically  bleached  by  brief  exposure  to  an  intense  laser  beam 
and  subsequent  recovery  of  the  fluorescence  is  monitored.   Other  techniques  to 
measure  movement  of  molecules  in  membranes  are  fluorescence  polarization, 
fluorescence  energy  transfer,  fluorescence  life  time  henerogeneity  analysis, 
and  direction  of  shift  of  the  phase  transition  temperature  induced  by  probes 
incorporated  into  disaturated  phosphatidylcholine  vesicles. 

Major  Findings:   A.  Epithelial  cell  cultures:  1.  Lectins  (e.g.  wheat  germ 
agglutinin,  phytohemagglutinin,  concanavalin  A)  were  capable  of  labeling  both 
apical  and  basolateral  surfaces.   However,  if  one  surface  was  labeled,  the 
probe  did  not  redistribute  to  the  other  side  of  the  cell.   FPR  measurements 
demonstrated  that  wheat  germ  agglutinin  was  completely  immobile  on  both  apical 
and  basal  membranes.   The  lectin  label  is  capable  of  redistributing  over  the 
entire  surface  of  the  cell  when  monolayer  cells  are  broken  up  by  chelation 
with  divalent  cations.   2.  Labeling  patterns  of  lipid  probes  fell  into  two 
groups:  those  which  penetrated  the  tight  junction  and  those  which  could  not 
penetrate  the  tight  junction  and  thus  segregated  onto  either  the  apical  or 
basolateral  membranes.   The  possibility  is  being  explored  that  penetration  of 
the  probe  depends  on  which  leaflet  of  the  membrane  bilayer  it  occupies.   B. 
Mast  cells:   The  Fc  receptors  for  IgE  were  labeled  with  either  rhodamine-or 
f luorescein-conjugated  IgE  and  then  with  anti-IgE  conjugated  with  the  other 
dye.   Bleaching  one  dye  did  not  affect  subsequent  FPR  measurements  using  the 
other  dye,  indicating  that  there  are  no  photo-induced  artifacts  in  FPR  experi- 
ments.  C.  Domains:  1.  Fluorescent  lipid  analogues  partitioned  preferentially 
into  crystalline  or  liquid  crystalline  phases  of  disaturated  phosphatidyl 
choline  vesicles,  depending  on  the  chain  length  of  the  probe  or  of  the  phos- 
pholipid.  The  preferential  partition  reflects  the  dependence  of  diffusion 
coefficient  and  mobile  fraction  upon  chain  length  of  lipid  probes  observed  in 
sea  urchin  eggs.   2.   Incorporation  of  unsaturated  fatty  acids  into  lymphocyte 
membranes  significantly  decreased  fluorescence  polarization  of  the  fluorescent 
probe  diphenyl-hexatriene,  without  affecting  lateral  mobility  of  membrane 
lipids  or  proteins  in  the  membranes.   The  unsaturated  fatty  acids  did  inhibit 
capping  of  surface  receptors  in  lymphocytes  by  inducing  a  release  of  Ca   from 
membrane  proteins  thereby  affecting  membrane-cytoskeletal  interactions.   D„ 
Thyroid  hormone:   Fifty  to  ninety  percent  of  labelled- thyroid  hormone  moved  on 
3T3  cells  with  a  diffusion  constant  of  about  10    cm  /sec,  indicating  that 
the  hormone  was  associated  with  a  cell  surface  receptor.   E.   Cell  surface 
receptors  in  cytotoxic  T-cell  interactions:   The  two  receptors  on  the  surface 
of  a  target  cell  involved  in  dual  recognition  by  cytotoxic  T-cells,  the  H-2 
histocompatibility  antigen  and  a  viral  antigen,  could  be  co-immobilized. 
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Significance  for  Biomedical  Research  and  the  Program  of  the  Institute: 
Mobility  and  distribution  of  cell  surface  components  are  considered  to  have 
important  implications  for  cell  transformation  and  for  many  aspects  of  the 
physiology  of  normal  and  tumor  cells. 

Proposed  Course:   A.  Epithelial  cells:   Pursue  the  following  questions:  1.  The 
control  of  movement  of  lectin  binding  sites  by  the  cytoskeleton  (redistribu- 
tion after  disrupting  the  monolayer  does  not  involve  free  diffusion).   2.   The 
nature  of  the  selectivity  filter  for  lipid  probes  at  the  tight  junction.   3. 
Possible  differences  in  lipid  composition  between  apical  and  basolateral 
membranes.   4.  The  development  of  membrane  asymmetry  in  isolated  cells  growing 
in  culture.   B.  Domains:   Investigate  the  possible  physiological  significance 
of  lipid  domains  in  membranes  (e.g.  for  biosynthetic  incorporation  of  proteins 
into  membranes).   C.  Cytotoxic  T-cells:   Investigate  the  role  of  cell  surface 
receptor  mobility  in  dual  recognition  and  the  cytotoxic  response. 

Publications : 

Dragsten,  P.,  Henkart,  P.,  Blumenthal,  R. ,  Weinstein,  J.N.  and  Schlessinger , 
J.:   Lateral  diffusion  of  surface  immunoglobulin,  Thy-1  antigen  and  a  lipid 
probe  in  lymphocyte  plasma  membranes.   Proc.  Nat.  Acad.  Sci.  76:  5163-5167, 
1979. 

Klausner,  R.D. ,  Bhalla,  K.K.,  Dragsten,  P.,  Hoover,  R.L.  and  Karnovsky,  M.J. : 
A  model  for  capping  derived  from  the  inhibition  of  surface  receptor  capping  by 
free  fatty  acids.   Proc.  Nat.  Acad.  Sci.  77:  437-441,  1980. 

Raz,  A.,  McClellan,  W.L. ,  Hart,  I.R.,  Bucana,  CD.,  Hoyer,  L.C. ,  Sela,  B.-A., 
Dragsten,  P.  and  Fidler,  I.J. :   Cell  surface  properties  of  B16  melanoma 
variants  with  differing  metastatic  potential.   Cancer  Res.  40:  1645-1651, 
1980. 

Wolf,  D.E.,  Edidin,  M.  and  Dragsten,  P.R. :   The  effect  of  bleaching  light  on 
measurements  of  lateral  diffusion  on  cell  membranes  by  the  fluorescence 
photobleaching  recovery  method.   Proc.  Nat.  Acad.  Sci.  77:  2043-2045,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Kinetic  models  of  plasma  apoproteins,  cholesterol  and  triglyceride  are 
being  constructed  based  on  data  from  experiments  in  man.   The  models  are  used 
to  integrate  plasma  lipoprotein  interactions  with  enzymes  and  receptors  and 
to  provide  a  better  understanding  of  plasma  lipoprotein  synthesis  and  metabo- 
lism in  health  and  disease.   The  models  are  particularly  useful  for  the 


rigorous  testing  of  hypotheses,  the  design  of  experiments,  and  the  quantifi- 
cation of  the  effects  of  various  perturbations. 
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Project  Description: 

Objectives:   To  develop  a  qualitative  and  quantitative  understanding  of  lipo- 
proteins metabolism  in  man  and  to  identify  abnormalities  and  drug  effects 
through  the  modeling  of  apoprotein,  cholesterol,  and  triglyceride  kinetics. 
Because  of  the  need  for  diverse  extensive  data  on  a  variety  of  patients, 
collaboration  with  several  experimental  groups  is  maintained. 

Methods  Employed:   Mathematical  modeling  is  the  tool  used  for  the  integration 
and  analysis  of  the  data.   This  is  performed  with  the  help  of  the  SAAM  computer 
modeling  program. 

Major  Findings:   The  modeling  continues  along  previously  established  lines. 
Interesting  results  were  obtained  for  the  kinetics  of  free  cholesterol  and  its 
transfer  rates  (Schwartz).   It  appears  that  HDL  free  cholesterol  is  the  major 
immediate  precursor  for  bile  acids.   The  exchange  of  free  cholesterol  between 
different  lipoprotein  particles  and  its  conversion  to  cholesterol  esters  have 
been  elucidated  in  greater  detail. 

The  kinetics  of  HDL  triglycerides  (HDL-TG)  have  been  analyzed.   It  appears 
that  most  HDL-TG  derives  from  VLDL  triglycerides  (VLDL-TG) .   Exchange  between 
HDL-TG  and  VLDL-TG  can  account  for  a  minor  part  of  the  slow  component  observed 
in  VLDL-TG  tracer  curves  derived  from  labeled  glycerol. 

A  workshop  in  lipoprotein  kinetics  was  organized  with  good  representations 
from  many  active  laboratories  -  modeling  being  the  major  theme.   This  served 
as  a  good  stimulus  for  better  interaction  between  modelers  and  experimentalists. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Model- 
ing is  important  to  identify  the  abnormalities  in  metabolism  responsible  in 
hyperlipemics,  diabetics,  and  other  metabolic  disorders,  given  a  very  compli- 
cated system  with  multiple  interactions.   It  is  hoped  that  by  identifying 
the  mechanisms  responsible  for  abnormalities  in  lipid  metabolism  and  their 
relations  with  intermediate  metabolism,  appropriate  treatment  can  be  more 
specifically  geared  to  abnormalities.   Clinically  this  is  relavant  to  athero- 
sclerosis and  disorders  associated  with  athersclorsis  such  as  cardiovascular 
disease,  diabetes,  cachexia,  and  other  metabolic  disorders  involving  lipids. 

Publications: 

Fisher,  W.R. ,  Zech,  L.A.,  Bardalaye,  G.W.  and  Berman.  M. :  The  metabolism  of 
apolipoprotein  B  in  subjects  with  hypertriglyceridemia  and  polydisperse  LDL. 
J.  Lipid  Res.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  is  to  elicit  molecular  details  of  conformational  kinetics  in 
polypeptides  and  DNA.   An  eventual  aim  is  to  understand  the  mechanisms  and  path- 
ways of  DNA  double  helix  formation,  of  protein  folding,  and  of  their  denatur- 
ation  and  renaturation.   A  mathematical  model  of  the  rates  for  passing  between 
the  various  conf igurational  states  was  previously  formulated.   Molecular  states 
are  specified  for  each  residue  as  one  of  a  small  number  of  conformations.   The 
effects  of  an  external  field  in  perturbing  conformational  equilibria  have  been 
studied.   Local  compositional  variations  provide  portions  of  biological  macro- 
molecules  which  are  particularly  susceptible  to  such  external  effects.   In  the 
case  of  an  electric  field,  these  effects  can  be  direct  or  can  be  mediated  by 
changes  in  counter ion  distributions. 
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Project  Description: 

Objectives:   To  determine  the  molecular  details  of  conformational  kinetics  in 
macromolecules  and  to  determine  the  effects  of  external  forces  on  conformational 
equilibria.   An  eventual  aim  is  to  understand  the  mechanisms  and  pathways  of 
protein  and  DNA  denaturation  and  renaturation  kinetics. 

Methods  Employed:   A  mathematical  model  of  the  rates  for  passing  between  the 
various  conf igurational  states  has  been  formulated.   Molecular  states  are 
specified  for  each  residue  or  base  pair  as  one  of  a  small  number  of  conforma- 
tions.  Averages  are  performed  over  all  possible  conformations.   The  effects 
of  external  fields  upon  the  transition  can  be  included  by  treating  molecular 
orientation,  induced  intramolecular  changes  and  solvent  perturbations. 

Major  Findings:   This  model,  which  had  been  applied  to  treat  homogeneous 
polypeptides  and  DNA  has  also  been  extended  to  treat  sequence  variations  and 
solvent  effects.   A  major  reason  for  this  extension  is  the  opportunity  of 
making  direct  comparisons  with  the  large  body  of  experiments  on  electric  field 
effects.   Effects  of  perturbation  direction  and  size  were  calculated.   Condi- 
tions for  inducing  conformational  transitions  by  external  fields  were  deter- 
mined. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   A  basic 
understanding  of  denaturation  and  renaturation  of  DNA  and  of  proteins  is 
essential  for  understanding  cellular  processes  on  a  molecular  basis.   For 
example,  such  comprehension  is  necessary  before  detailed  effects  of  external 
chemical  agents  can  be  determined. 

Proposed  Course:   Polarizabilities  of  individual  amino  acids  appear  to  be 
particularly  sensitive  to  their  conformation.   Further  calculations  of 
molecular  polarizabilities  will  indicate  the  sensitivity  of  electric  bire- 
fringence measurements  to  the  details  of  polypeptide  conformations  and  their 
transitions. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

New  methods  have  been  developed  to  choose  probable  protein  secondary 
conformations.   Direct  interatomic  interaction  energies  are  calculated  to  yield 


probabilities  of  various  conformers.   Approximate  energies  of  all  possible 
q-helix  and  g- strand  segments  are  calculated.   Electrostatic  energies  are  cal- 
culated in  detail,  in  the  approximation  of  mean  side  chain  positions.   The 
remainder  of  the  energy  is  approximated  with  a  contribution  from  each  residue  in 
ct-helix.   Glycine  residues  are  taken  to  have  a  different  value  of  this  parameter 
than  other  residues.   Two  methods  for  selecting  a  best  set  of  molecular  conforma 
tions  are  compared:   1)  energy  minimization,  in  which  the  molecular  energy  is 
taken  as  the  sum  of  the  energies  of  independent  secondary  regions  and  2)  confor- 
mational probabilities  for  each  residue  calculated  from  the  energies  of  all  pos- 
sible combinations  of  secondary  regions.   The  two  methods  yield  approximately  the 
same  secondary  conformations  which,  for  energy  minimization,  are  correct  for  65% 
of  all  residues  and  for  83%  of  all  residues  in  regular  secondary  regions, 
averaged  over  six  proteins. 
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Project  Description: 

Objectives:   To  develop  methods  adequate  to  determine  the  most  significant 
macromolecular  conformations.   We  wish  to  predict  protein  conformations  from 
the  sequences  and  to  determine  the  relative  importances  of  the  various  intra- 
molecular interactions.   In  particular,  we  wish  to  determine  intrinsic  second- 
ary structure  probabilities  as  well  as  the  effects  of  tertiary  interactions 
on  secondary  structures. 

Methods  Employed:   A  new  method  has  been  developed  to  calculate  relative 
energies  of  secondary  structure  regions  at  all  sites  within  a  protein.   Charged 
side  chain  atoms  are  taken  at  fixed  positions,  as  determined  by  the  local 
backbone  conformation  and  their  average  positions  from  X-ray  crystallographic 
studies.   Approximations  of  the  non-electrostatic  interatomic  interaction 
energies  yield  total  intraregion  energies.   Three  methods  of  choosing  regular 
secondary  conformations  were  compared.   Tertiary  conformations  were  generated 
from  secondary  conformational  probabilities  by  Monte  Carlo  techniques,  with 
incorporation  of  additional  energies  from  long  range  interregion  interactions 
and  with  restrictions  imposed  upon  total  molecular  size. 

Major  Findings:   Side  chain-backbone  electrostatic  interactions  are  relatively 
insensitive  to  the  approximation  of  fixed  side  chain  positions.   Calculated 
side  chain-side  chain  interactions  are  more  sensitive  to  this  approximation, 
but  the  importance  of  side  chain-side  chain  interactions  is  reduced  by  side 
chain  flexibility,  tertiary  interactions  and  the  intervention  of  solvent 
molecules.   Three  methods  of  selecting  the  most  favorable  set  of  secondary 
conformations  were  compared:  1)  choosing  the  set  of  conformations  with  the 
lowest  total  energy,  2)  an  approximation  to  the  previous  method  in  which  the 
lowest  energy  region  is  chosen,  and  regions  of  low  energy  which  do  not  overlap 
previously  chosen  regions  are  successively  selected,  and  3)  calculating,  for 
each  residue,  relative  a-helix  and  6-strand  probabilities  by  summing  over 
probabilities  of  all  secondary  regions  spanning  a  given  residue.   All  methods 
yield  very  similar  results.   For  six  individual  molecules,  predictions  were 
correct  for  60  to  94%  of  all  residues  within  regular  secondary  regions.   A 
single  parameter  in  the  model  determines  the  relative  amounts  of  a-helix  and 
3-strand.   When  this  parameter  is  fixed  at  the  value  observed  in  the  X-ray 
structure,  the  present  methods  serve  to  determine  the  distribution  of  these 
secondary  conformations  among  the  protein's  residues.   Such  methods  should 
yield  protein  conformations  corresponding  to  early  folding  stages.   Successive 
Monte  Carlo  simulations  generate  conformations  with  correct  overall  size  and 
with  some  of  the  observed  tertiary  interactions. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Develop- 
ment of  a  reliable  method  for  predicting  protein  conformations  from  their 
sequences  would  permit  a  better  understanding  of  protein  structure  and  function, 
as  well  as  indicating  the  possible  effects  of  mutants  and  species  variations. 
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Proposed  Course:   Further  evaluation  and  refinement  of  the  methods  and  asso- 
ciated parameters  will  be  pursued  together  with  application  to  other  proteins. 
Other  methods  for  obtaining  tertiary  interactions  will  be  investigated. 
Pathways  of  folding  can  be  proposed  by  successively  increasing  the  range  of 
interactions. 

Publications: 

Bourgeois,  S.,  Jernigan,  R.L.,  Szu,  S.C.,  Kabat,  E.  A.,  andWu.,  T.T.: 
Composite  predictions  of  secondary  structures  of  lac  repressor.   Biopolymers . 
18:  2625-2643,  1979. 

Jernigan,  R.L.,  and  Szu,  S.C.:   Conformational  energy  minimization  in  the 
approximation  of  limited  range  interactions.   Macromolecules.  12:  1156-1159, 
1979. 

Jernigan,  R.L. ,  Miyazawa,  S.,  and  Szu,  S.C.:   Stabilization  of  regular 
conformational  regions  in  proteins  by  intra-region  electrostatic  interactions. 
Macromolecules,  in  press. 

Jernigan,  R.  L. ,  Miyazawa,  S.,  and  Szu,  S.  C. :   Electrostatic  interactions  and 
secondary  structure  in  proteins.   Biophysical  J.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  new  method  was  developed,  based  on  measurements  of  the  kinetics  of  cell 
activation,  for  determining  whether  or  not  the  descending  limb  of  biphasic  dose 


response  curve  falls  because  of  insufficient  cross-linking. 
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Project  Descriptions: 

Objectives :   To  develop  an  understanding  of  the  relationship  between  the 
thermodynamics  and  kinetics  of  ligand  cell-bound  receptor  interactions,  and 
the  requirements  for  lymphocyte  activation. 

Methods  Employed:  Mathematical  modeling. 

Major  Findings:   The  method  in  principle  should  be  applicable  to  any  cell  that 
responds  via  a  receptor  clustering  mechanism.   For  such  systems  it  is  important 
to  know  whether  failure  of  the  cell  to  respond  at  high  ligand  concentrations 
is  simply  the  result  of  inability  to  cross-link  (because  all  receptor  sites 
are  saturated)  or  the  result  of  some  desensitization  signal  induced  by  large 
aggregates.  We  have  currently  identified  AgE  and  human  basophils  as  a  system 
in  which  a  desensitization  signal  prevents  release  at  high  concentrations. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
problem  of  determining  and  quantitating  the  parameters  that  effect  the  initial 
states  of  signal  transduction  in  basophils,  is  an  important  aspect  of  the 
attempt  to  understand  the  nature  of  the  immediate  allergic  reaction.   More 
generally,  however,  the  basophil  system  may  serve  as  a  model  from  which  to 
build  a  deeper  understanding  of  the  relation  between  the  binding  of  ligand  to 
cell  surface  receptors  and  subsequent  biochemical  events  and  factors  that 
regulate  them. 


404 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT   NUMBER 

ZOl  CB  08323-05  LTB 


PERIOD  COVERED 

October  1,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Immunoassay  Quantitation 


NAMES,   LABORATORY   AND    INSTITUTE  AFFILIATIONS,   AND   TITLES  OF    PRINCIPAL    INVESTIGATORS  AND   ALL  OTHER 
PROFESSIONAL   PERSONNEL   ENGAGED   ON  THE  PROJECT 


PI:   Charles  DeLisi,  Ph.D. 


Senior  Investigator 


LTB  NCI 


COOPERATING  UNITS  (if  any) 

Professor  Pierre  Masson,  Inst.  Cellular  Molec.  Pathol.,  Brussels 

Professor  Gregory  Siskind,  Division  of  Immunol.,  Cornell  Univ.  Medical  School 


lab/branch 


Laboratory  of  Theoretical  Biology 


Mathematical  Biology  Section 


INSTITUTE   ANDJ^AT.O^     Bethesdaj     ^Iylaad        20205 


TOTAL  MANYEARS: 


0.2 


PROFESSIONAL: 


0.2 


CHECK  APPROPRIATE  BOX(ES) 
□  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   Q  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Extensions  and  applications  of  a  mathematical  model  of  the  hemolytic 
plaque  assay  continued.   In  addition  work  was  begun  on  the  development  of 
equations  to  be  used  in  the  quantitation  of  nonisotopic  agglutination  assays 
which  can  be  used  as  substitutes  to  radio  immunoassay. 
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Project  Description: 

Objectives:   To  develop  quantitative  methods  for  obtaining  kinetic  and  thermo- 
dynamic information  on  antigen  antibody  reactions  at  a  single  cell  level.   To 
develop  methods  for  increasing  assay  reliability  and  precision. 

Methods  Employed:   Mathematical  models;  mathematical  analyses  of  data. 

Major  Findings:   Work  on  applications  of  the  plaque  assay,  especially  as  a 
method  for  analysis  of  antiideotypic  antibodies,  continued  but  at  a  slow  pace. 
Most  effort  was  toward  developing  a  quantitative  theory  of  non  isotopic 
aggregation  assays  that  are  becoming  increasingly  heavily  used  as  replacements 
for  radio  immunassays.   Equations  were  derived  that  will  allow  assay  optimiza- 
tion including  an  analysis  of  the  error  structure  of  the  system. 

Proposed  Course:   Simulation  of  the  system  in  the  absence  and  presence  of 
errors  in  order  to  develop  methods  for  optimization  under  a  variety  of  experi- 
mental conditions. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
work  on  plaques  is  intimately  related  to  the  project  on  B  cell  regulation.   It 
makes  possible  a  method  for  studying  cellular  selection.   It  also  provides  a 
potentially  new  and  valuable  method  for  quantitating  under  appropriate  condi- 
tions the  antiidiotypic  antibody  response.   Immunoassays  are  important,  for 
among  other  things  the  detection  and  quantitation  of  low  concentrations  of 
ligands  in  the  serum.   Aside  from  the  ability  to  detect  abnormally  low  or  high 
values  of  hormones  that  are  normally  present,  they  are  potentially  useful  in  the 
detection  of  tumor  associated  antigens. 

Publications: 

Doria,  G. ,  Mancini,  C. ,  DeLisi,  C. :   Secretion  rate  independent  evaluation  of 
IgM  antibody  avidity  at  the  level  of  single  immunocytes .   J.  Immunol.  121: 
2030-2034,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Kinetic  models  of  the  glucose  regulatory  systems  are  being  developed  for 
man  and  other  animals  in  collaboration  with  several  experimental  groups. 
These  include  models  of  the  distribution,  metabolism  and  receptor  binding  of 
insulin,  using  data  from  both  radioiodinated  and  native  insulins,  and  the 
production  and  utilization  of  glucose  as  elucidated  by  tracer  studies  with 
labeled  glucose,  alanine  and  lactate.   Models  of  the  role  of  insulin  in  the 
control  of  glucose  utilization  and  production  are  also  being  studied. 
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Project  Description: 

Objectives:   To  develop  a  qualitative  and  quantitative  understanding  of 
glucose  homeostasis  including  the  role  which  various  hormones  play  in  the 
production  and  utilization  of  glucose  and  the  role  which  glucose  plays  in  the 
secretion  of  insulin  in  normal  and  perturbed  metabolic  states. 

Major  Findings:   A  model  that  explains  insulin  kinetics  in  vivo  (rabbits)  has 
been  developed.   This  model  permits  the  identification  of  insulin  binding  to 
receptors  and  identifies  partial  and  total  degradation  pathways  of  insulin. 
The  model  has  also  been  extended  to  proinsulin  kinetics  and  shows  a  difference 
in  its  metabolic  pathways.   Gluconeogenic  pathways  have  been  further  identi- 
fied (Berman,  McGuire)  in  the  model  through  experiments  involving  labeled 
alamine  and  glucose  in  dogs  and  man.   A  model  integrating  all  these  pathways 
has  been  constructed.   The  model  has  been  applied  to  studies  of  gluconeogenic 
pathways  in  cancer  patients  (Foster,  Riemke,  Wastney) . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Carefully 
tested  models  provide  predictions  as  to  how  a  complicated  regulatory  system 
will  respond  to  a  given  perturbation.   The  clinically  or  experimentally 
observed  responses  seen  in  various  altered  metabolic  states  can  thus  be 
analyzed  using  such  models  to  gain  insight  into  the  basic  perturbations  which 
have  occurred  in  these  states.   Obesity,  diabetes,  aging  and  the  cachexia  of 
advanced  cancer  are  examples  of  metabolic  conditions  in  which  glucose  homeo- 
stasis is  perturbed  and  can  thus  be  better  understood  by  use  of  these  models. 

Proposed  Course:   1)  To  continue  the  study  of  the  regulatory  behavior  of  the 
glucose-insulin  system  in  an  attempt  to  identify  the  primary  perturbations  in 
the  obese,  diabetic  and  aged  subjects  for  which  data  are  available.   2)  To 
extend  the  insulin  model  to  account  for  differences  between  studies  using 
radioiodinated  and  native  insulin,  and  to  include  new  information  on  the 
binding  and  degradation  of  insulin.   3)  To  study  the  biological  effects  of 
insulin  action.   4)  To  identify  the  physiological  process  reflected  in  the 
models. 

Publications: 

Berman,  M. ,  McGuire,  E.A.,  Roth,  J.  and  Zeleznik,  A.J.:  Kinetic  modeling  of 
insulin  binding  to  receptors  and  degradation  in  vivo  in  the  rabbit. 
Diabetes:  29:  50-59,  1980. 

Berman,  M. :  Insulin  kinetics,  models,  and  delivery  schedules.   Diabetes  Care. 
3:  266-269,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  plaque  assay  was  used  to  monitor  the  dynamics  of  antibody  secreting 
cell  production  to  LPS  in  a  variety  of  mouse  strains,  and  under  various  per- 


turbations.  Anti-LPS  hybrids  have  been  developed  in  order  to  study  the  role 
of  idiotypic  regulation.  We  intend  to  monitor  the  production  of  anti-anti-LPS 
plaque  forming  cells.   Similar  studies  have  been  started  for  the  bacterial 


levan  system. 
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Project  Description: 


Objectives:   To  develop  an  understanding  of  the  role  and  relative  contributions 
of  the  factors  that  are  believed  to  regulate  the  B-cell  response  to  T-indepen- 
dent  antigens. 

Methods  Employed;   Plaque  assay;  mathematical  modeling;  serological  tests; 
hybridomas. 

Major  Findings:   The  antibody  response  to  LPS  oscillates  with  a  3  day  period 
and  damps  out  abruptly  at  day  21.   Challenge  with  a  small  dose  near  the  trough 
of  any  oscillation,  obliterates  the  subsequent  oscillations. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
presence  of  oscillations  and  their  characteristics  when  the  system  is  per- 
turbed have  implications  for  fundamental  processes  involving  regulation  of  the 
immune  response.   In  the  present  case  we  were  able  to  demonstrate  that  a 
mathematical  model  in  which  the  metabolism  rate  of  antigen  and  antibody  were 
key  ingredients  as  well  as  forward  and  reverse  rate  constants,  could  account 
for  the  oscillations. 

Proposed  Course:   Different  T- independent  antigens  will  be  tried  in  order  to 
assess  the  generality  of  these  results.   The  experiments  will  be  repeated  with 
nude  mice  to  determine  whether  the  lack  of  T-cells  effects  oscillations.   The 
presence  or  absence  of  anti  idiotypic  antibodies  in  nude  mice  will  also  be 
determined.   The  mice  will  be  systematically  reconstituted,  with  one  T  cell 
subpopulation  at  a  time,  in  order  to  understand  the  contribution  of  each  to 
the  regulation  of  the  response. 

Publications: 

Grossman,  Z.,  Asofsky,  R. ,  and  DeLisi,  C. :  The  dynamics  of  antibody  secreting 
cell  production  I:  Regulation  of  oscillations  in  the  response  to  T-independent 
antigens.   J.  Theor.  Biol.,  in  press. 

Grossman,  Z. ,  Hiernaux,  J.,  Asofsky,  R.  and  DeLisi,  C. :   Speculations  on  Some 
Fundamental  Aspects  of  the  Regulation  of  the  Quantity  and  Affinity  of  Antibody 
Produced  During  an  Immune  Response.   In  Bruni,  C.  (Ed.):   Proceedings  of  the 
Conference  on  Systems  Theory  in  Immunology.   New  York,  Springer -Ver lag,  1979, 
pp.  126-139. 

DeLisi,  C. :   Quantitative  aspects  of  theoretical  immunology.   Federation 
Proceedings,  in  press. 


410 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE!     U.S.  DEPARTMENT  OF 
PROJECT  NUMBER  (Do  NOT  use  this  space)   HEALTH,  EDUCATION,  AND  WELFARE 

PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  CB  08334-08  LTB 


PERIOD    COVERED 

October  1,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Mechanisms  of  Liposome-cell  Interaction 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 


OTHER: 


Robert  P.  Blumenthal,  Ph.D. 


Evelyn  Ralston,  Ph.D. 
John  N.  Weinstein,  M.D. 
Paul  Drags ten,  Ph.D. 


Ph.D. 


Chief,  Membrane  Structure 

and  Function  Section  LTB  NCI 

Visiting  Associate  LTB  NCI 

Investigator  LTB  NCI 

Staff  Fellow  LTB  NCI 


COOPERATING  UNITS  (if  any) 


P.  Henkart,  Ph.D. 
L.  Leserman,  M.D. 


S.O.  Sharrow,  B.S.,  Immunology  Branch,  NCI. 
Centre  d' Immunologie,  France. 


lab/bramch 


Laboratory  of  Theoretical  Biology 


Membrane  Structure  and  Function  Section 


INSTITUTE  AND  LOCATION 

NCI,  NIH,  Bethesda,  Maryland   20205 


TOTAL  MANYEARS: 


1.5 


PROFESSIONAL: 


1.5 


CHECK  APPROPRIATE  BOX(ES) 

□  (a)   HUMAN  SUBJECTS 

□  (al)  MINORS   □  (a2)  INTERVIEWS 


g  (b)  HUMAN  TISSUES 


□  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  studied  the  interaction  between  lipid  bilayer  vesicles  and  cells, 
using  three  cell  types:  human  peripheral  blood  lymphocytes,  human  red  blood  cells 
and  a  mouse  tumor  cell  line  (P388) .   As  markers  for  the  membrane  of  the  lipid 
vesicle  we  used  radiolabelled  phospholipids  and  fluorescent  lipid  probes.   As 
markers  for  the  aquaeous  compartment  of  the  vesicle  we  use  radiolabelled  sucrose 
or  inulin,  and  the  polar  fluorescent  dye  carboxyf luorescein.   We  assessed  the 
modes  of  association  of  the  fluorescent  markers  with  the  cells  using  fluorescence 
microscopy,  fluorometry,  flow  microfluorometry  and  fluorescence  photo  bleaching. 
Carboxyf luorescein  was  transferred  from  vesicle  to  cell,  and  free  to  circulate 
in  the  cells'  cytoplasm.   Sucrose,  however,  remained  in  vesicles,  which  were 
adsorbed  to  the  cell  surface.   Fluorescent  lipid  probes  associated  with  vesicles 
did  not  spread  out  over  the  cell  surface,  but  remained  immobile  on  the  cell 
surface.   A  model  for  vesicle-mediated  transfer  is  proposed  in  which  carboxy- 
f luorescein  is  released  from  the  vesicles  at  the  cell  surface,  and  subsequently 
inters  the  cell. 
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Project  Description: 

Objectives:   To  study  the  physical  mechanisms  of  interaction  of  liposomes  with 
cells  as  a  probe  for  membrane  structure  and  function  and  as  a  model  for 
membrane-membrane  interaction  in  biological  systems.   To  develop  fluorescent 
techniques  for  studying  vesicles-cell  interactions,  with  the  possibility  of 
designing  liposomes  as  vehicles  for  delivering  drugs  and  other  materials  to 
cells. 

Methods  Employed:   Single-bilayer  vesicles  containing  different  amounts  of 
carboxyf luorescein  are  formed  by  sonication  from  dioleoyl  phosphatidyl  choline 
(DOPC)  or  other  phospholipids.   After  filtration  through  a  millipore  filter, 
free  dye  is  removed  on  a  Sephadex  G-50  column.   At  high  concentrations  (100 
mM-200mM)  fluorescence  of  carboxyf luorescein  is  self-quenched.   Relief  of 
self-quenching  when  the  dye  is  diluted  from  vesicles  into  the  medium  is  a 
-measure  of  leakage  of  dye  from  vesicles.   The  vesicles  are  incubated  with 
cells,  and  the  resulting  fluorescence  is  observed  by  microscopy,  by  fluo- 
rometry,  and  by  use  of  the  fluorescence-activated  cell  sorter.   To  study  the 
nature  of  the  interaction  of  the  lipid  moiety  of  vesicles  with  the  cells  the 
fluorescent  lipid  analogues  dioctadecyl  indocarbocyanine  iodide;  N-4-nibro- 
benzene-2-oxa-l,2-diazole  phosphatidyl  ethanolamine,  and  -  phosphatidylcholine 
are  used,  or  the  haptenated  lipids  dinitrophenyl  and  dinitrophenylcaproyl 
phosphatidylethanolanine  together  with  fluorescent  anti-TNP  antibodies. 
Simultaneous  uptake  of  lipid  and  solute  is  studied  using   C  labeled  dipalmi- 
toyl  phosphatidylcholine  in  vesicles  containing  tritium-labelled  sucrose  or 
inulin  together  with  carboxyf luorescein. 

Major  Findings:   (1)  A  contaminant  was  found  in  the  carboxyf luorescein  by 
passing  the  dye  over  a  sephadex  LH20  column.   (2)  The  contaminant  had  fluore- 
scence characteristics  similar  to  those  of  carboxyf luorescein,  but  was  signi- 
ficantly more  hydrophobic.   The  contaminant  accounted  for  a  significant  part 
of  the  vesicle-mediated  transfer.   (3)  In  the  absence  of  the  contaminant 
vesicle-mediated  transfer  and  free  dye  transfer  were  both  reduced  by  a  factor 
of  about  ten.   Vesicle-mediated  transfer  was  still  about  ten-fold  faster  than 
free  dye  transfer  with  the  purified  carboxyf luorescein.   (4)  A  new  method  was 
developed  to  assess  entry  of  vesicle  contents  into  cells  based  on  hypotonic 
lysis  of  cells,  without  affecting  vesicles.   This  showed  that  vesicle-encap- 
sulated sucrose  remained  associated  with  vesicles  bound  to  the  cell  surface, 
whereas  vesicle-encapsulated  carboxyf luorescein  was  transferred  to  the  cells. 

(5)  A  correlation  was  found  between  factors  (e.g.,  octanol,  fetal  calf  serum, 
pH,  temperature)  affecting  vesicle-mediated  transfer  and  free  dye  transfer. 

(6)  A  model  of  transfer  in  which  lipid  vesicle  contents  leak  at  the  cell 
surface  and  are  subsequently  taken  into  the  cell  could  be  shown  to  account  for 
vesicle-mediated  transfer.of  carboxyf luorescein.   (7)  Lipid  vesicles  containing 
high  concentrations  of  Ca   did  not  trigger  histamine  release  from  mast 
cells,  nor  did  vesicles  containing  high  concentrations  of  EDTA  or  EGTA  inhibit 
histamine  release  from  mast  cells  triggered  by  antigens. 
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Significance  for  Biomedical  Research  and  the  Program  of  the  Institute.   The 
vesicle- lymphocyte  experiments  have  a  direct  bearing  upon  attempts  to  develop 
drug-loaded  vesicles  targeted  for  specific  tumor  cells. 

Publications: 

Ralston,  E.,  Blumenthal,  R. ,  Weinstein,  J.N.,  Sharrow,  S.O.,  and  Henkart,  P.: 
Lysophosphatidyl  choline  in  liposomal  membranes:   Enhanced  permeability  but 
little  effect  on  transfer  of  a  water-soluble  fluorescent  marker  into  human 
lymphocytes.   Biochim.  Biophys.  Acta.   579:   543-551,  1980. 

Van  Renswoude,  A.J.B.V.M.,  Blumenthal,  R. ,  and  Weinstein,  J.N.:   Thin-layer 
chromatography  with  agarone  gels:  A  quick,  simple  method  for  evaluating 
liposome  size.   Biochim.  Biophys.  Acta.   595:   151-156,  1980. 

Leserman,  L.D.,  Weinstein,  J.N.,  Blumenthal,  R. ,  and  Terry,  W.O. :   Receptor- 
mediated  endocytosis  of  antibody-opsonized  liposomes  by  tumor  cells.   Proc. 
Natl.  Acad.  Sci. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  explored  ways  of  directing  liposomes  to  particular  target  cells  or 
tissues.  When  hapten-modif ied  liposomes  were  "targeted"  to  myeloma  cells  or  to 
human  lymphocytes,  they  bound  in  large  numbers  to  the  cell  membranes,  but  neither 
they  nor  their  contents  were  internalized.  However,  when  hapten-modif ied  lipo- 
somes opsonized  with  the  corresponding  IgG  were  presented  to  murine  P388D  cells, 
they  were  readily  bound  and  endocytosed.  Uptake  was  specifically  mediated  by  the 
Fc  receptor  on  the  cell.  If  methotrexate  (MTX)  was  encapsulated  in  the  lipo- 
somes, it  escaped  from  the  phagolysosomal  apparatus  to  reach  a  cytoplasmic  target 
and  affect  the  physiology  of  the  cell. 

We  have  designed  "temerature-sensitive"  liposomes  that  release  an  entrapped 
drug  locally  at  temperatures  obtainable  by  mild  hyperthermia,  for  example  in  the 
treatment  of  tumors.   In  the  presence  of  serum  the  ratio  of  drug  release  at  43° 
to  that  at  37°  can  be  made  greater  than  100:1.   We  find  that  (i)  such  liposomes 
deliver  more  than  10  times  as  much  MTX  to  heated  murine  tumors  as  to  unheated 
control  tumors,  (ii)  the  drug  reaches  its  target  enzyme  in  the  tumor  cell  cyto- 
plasm, and  (iii)  tumor  growth  can  thus  be  delayed. 
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Project  Description: 

Objectives:   To  investigate  the  use  of  liposomes  both  in  cell  biology  and  in 
clinical  therapy.   Within  this  broad  context, 

(1)  To  explore  the  use  of  anti-genantibody  interactions  to  achieve  selec- 
tive association  of  liposomes  with  particular  cell  types; 

(2)  To  develop  synergistic  interactions  between  "temperature-sensitive" 
liposomal  drug  carriers  and  hyperthermic  treatment; 

(3)  To  identify  the  mechanisms  of  spontaneous  and  serum-induced  release 
of  solutes  from  liposomes. 

Non-standard  Methods  Employed:   (a)   Preparation  of  liposomes,  by  bath  and 
probe  sonication.   (b)  Investigation  of  liposome-cell  interactions  using  the 
fluorescence-activated  cell  sorter.   (c)  Dynamic  measurement  of  leakage  from 
liposomes  as  a  function  of  temperature,  using  a  temperature-scanning  fluore- 
scence system  devised  in  our  laboratory  for  the  purpose.   (d)  Measurements  of 
release  of  solute  from  liposomes  by  "fluorescence  self-quenching".   (e) 
Determination  of  the  mobility  of  vesicles  bound  to  cells,  using  f luorescence- 
photobleaching.   (f)  Microwave  heating  of  tumors. 

Major  Findings: 

Objective  1:   (a)  Bivalent  antibody  selectively  binds  DNP-bearing  lipo- 
somes to  TNP-bearing  lymphocytes,  but  the  binding  does  not  increase  delivery 
of  liposome  contents  to  the  cell  interior  (beyond  the  amount  internalized 
spontaneously) .   (b)  Endogenous  surface  IgA  on  cells  of  the  murine  myeloma 
MOPC  315  can  bind  liposomes  bearing  the  appropriate  hapten  (DNP)  to  the  cell 
surface.   However,  as  in  the  lymphocyte  system,  binding  does  not  increase 
delivery  to  the  cytoplasm.   (c)  Lipid  vesicles  containing  fluorescent  molecules 
are  potentially  useful  as  markers  for  sparse  or  low-affinity  cell-surface 
determinants.   They  can  be  made  to  contain  many  fluorophore  molecules,  thus 
amplifying  the  signal.   They  give  very  low  non-specific  background  since  the 
fluorophore  is  sequestered,  and  appropriate  lipids  are  not  very  "sticky".   (d) 
Liposomes  are  removed  from  the  circulation  of  a  mouse  much  faster  if  the  mouse 
carries  a  myeloma  secreting  antibody  to  a  hapten  on  the  liposome.   (e)  Antibody- 
mediated  binding  of  methotrexate-containing  vesicles  to  MOPC  315  and  TEPC  15 
myeloma  cells  did  not  lead  to  entry  of  drug  into  the  cells  and  inhibition  of 
their  metabolism.   (f)  IgG  opsonized  DNP-vesicles  are  bound  in  large  numbers 
to  F  receptor-bearing  cells  (murine  P388D  ) ,  and  are  then  endocytosed. 
Liposome-encapsulated  MTX  then  escapes  the  phagolysosomal  system  to  reach  a 
cytoplasmic  target  (dihydrofolate  reductase)  and  affect  the  physiology  of  the 
cell. 

Objective  2:   (a)   Small  unilamellar  vesicles  of  3:1  dipalmitoylphospha- 
tidylcholine  -  distearoylphospatidylcholine  release  their  contents  very  slowly 
at  37°C,  much  faster  at  41  -  46°C.   Such  "heat-labile"  liposomes  appear  useful 
in  achieving  high  drug  concentrations  selectively  in  local  areas  of  hyper- 
thermic treatment,  for  example,  in  the  treatment  of  tumors.   (b)   The  tempera- 
ture-dependence of  the  release  can  be  enhanced  by  increasing  the  rate  of 
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temperature  change,  by  using  multilamellar  vesicles  in  place  of  the  unila- 
mellar ones,  and  most  markedly,  by  the  presence  of  serum  in  the  medium. 
Ratios  of  greater  than  100:1  can  be  obtained  for  release  (of  a  fluorescent 
marker)  at  43  and  at  37°.   (c)  The  effect  of  serum  is  largely  due  to  inter- 
action of  serum  lipoproteins  (VLDL,  IDL,  LDL,  and  HDL)  with  the  liposomes. 
(d)  Four  times  as  much  methotrexate  was  delivered  to  subcutaneous  Lewis  lung 
tumors  heated  to  42°  as  to  unheated  controls  in  the  same  animals  at  36°;  with 
L1210  tumor  the  ratio  was  14:1.   (e)  Growth  of  the  L1210  tumors  was  delayed  by 
such  treatment  more  than  could  be  accounted  for  by  the  separate  effects  of 
heating  and  liposomal  drug  administered  separately. 

Objective  3:   (a)  Release  of  carboxyf luorescein  from  small  unilamellar 
vesicles  takes  place  by  "leakage" s  not  by  an  all-or-nothing  "rupture"  of  the 
vesicle.   (b)  The  rate  constant  for  leakage  increases  in  inverse  proportion  to 
the  hydrogen  ion  concentration  of  the  medium.   (c)  Liposomes  of  dioleoyl 
lecithin  leak  their  contents  and  form  structures  with  a  characteristic  appear- 
ance in  negative-staining  electron  microscopy  when  allowed  to  interact  with 
HDL  or  LDL.  The  interaction  is  faster  and  more  pronounced  with  isolated  HDL 
apolipoprotein  than  with  the  whole  lipoprotein  particle.   (d)  Liposomes  bearing 
the  DNP-hapten  can  be  made  to  release  carboxyf luorescein  in  the  presence  of 
complement  and  IgG  anti-TNP.   Fluorescence  self-quenching  provides  the  most 
sensitive  technique  available  for  continuously  monitoring  such  processes.   (e) 
Cholesterol-containing  liposomes  can  pass  intact,  and  without  releasing  much 
of  their  contents,  from  the  peritoneum  to  the  bloodstream  of  a  mouse.   This 
finding  is  potentially  important  for  possible  clinical  instillations  of 
liposomes  I. P. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
three  objectives  listed  clearly  relate  to  the  possibilities  for  using  lipo- 
somes in  tumor  therapy.   A  major  barrier  to  such  efforts  has  been  the  diffi- 
culty of  directing  liposomes  to  particular  cells  or  anatomical  sites.   The 
studies  of  antibody-mediated  "targeting"  suggest  a  way  to  achieve  selectivity 
but  also  demonstrate  an  additional  problem:  how  to  get  the  liposome  and  its 
contents  into  the  cell  after  binding.   The  studies  of  synergism  between  lipo- 
somes and  hyperthermia  indicate  a  promising  new  way  to  achieve  selective 
delivery.   Use  of  the  liposome  as  a  hap  ten-carrier  for  analysis  and  sorting  of 
cell  populations  may  be  useful  in  a  number  of  areas  of  cellular  and  tumor 
immunology. 

Proposed  Course:   Each  of  the  objectives  specified  earlier  will  be  pursued. 
In  the  case  of  the  hyperthermic  system,  emphasis  has  now  shifted  from  in  vitro 
to  in  vivo  approaches  and  also  to  theoretical  analysis  of  the  pharmacokinetics. 
Studies  of  antibody-mediated  "targeting"  have  now  been  extended  to  include 
assays  of  the  physiological  effects  of  delivered  drugs  in  vitro,  as  well  as 
the  distribution  of  fluorescence  markers.   Another  objective,  toward  which  we 
are  making  progress,  is  the  covalent  attachment  of  immunoglobulin  and  other 
proteins  to  liposomes. 
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Publications: 


Yatvin,  M.B.,  Weinstein,  J.N.,  Dennis,  W.H.,  and  Blumenthal,  R. :   Use  of 
hyperthermia  to  promote  selective  local  release  of  drugs  from  liposomes. 
Proceedings  of  the  Conference  on  Clinical  Prospects  for  Hypoxic  Cell  Sensiti- 
zers and  Hyperthermia,  Wise,  Madison  Printing  and  Publishing  Co.,  1978,  pp. 
105-112. 

Weinstein,  J.N.,  Magin,  R.L. ,  Cysyk,  R.L.,  and  Zaharko,  D.S.:  Treatment  of 
solid  L1210  murine  tumors  with  local  hyperthermia  and  temperature-sensitive 
liposomes  containing  methotrexate.   Cancer  Research.  40:  1388-1395,  1980. 

Ralston,  E. ,  Blumenthal,  R. ,  Weinstein,  J.N.,  Sharrow,  S.O.,  and  Henkart,  P.: 
Lysophosphatidylcholine  in  liposomal  membranes:  Enhanced  permeability  but 
little  effect  on  transfer  of  a  water-soluble  fluorescent  marker  into  human 
lymphocytes.   Biochim.  Biophys.  Acta.,  in  press. 

Chused,  T.M.,  Sharrow,  S.O.,  Weinstein,  J.N.,  Ferguson,  W.J.,  and  Sternfeld., 
M. :   XRITC;  A  new  dye  for  two-color  immunofluorescence.   J.  Histochem.  and 
Cytology.,  in  press. 

Leserman,  L.D.,  and  Weinstein,  J.N.:   Receptor  mediated  binding  and  endocytosis 
of  drug-containing  liposomes  by  tumor  cells.   Proc.  Symp.  Liposomes  and 
Immunobiology. ,  in  press. 

Leserman,  L.D.,  Weinstein,  J.N.,  Moore,  J.J.,  and  Terry,  W.D. :   Specific 
interaction  of  myeloma  tumor  cells  with  hap ten-bearing  liposomes  containing 
methotrexate  and  carboxyfluorescein.   Cancer  Research.,  in  press. 

Leserman,  L.D. ,  Weinstein,  J.N. ,  Blumenthal,  R.  and  Terry,  W.D. :  Receptor- 
mediated  endocytosis  of  antibody-opsonized  liposomes  by  tumor  cells.  Proc. 
Natl.  Acad.  Sci.   In  press. 

Magin,  R.L. ,  and  Weinstein,  J.N.  :   Selective  delivery  of  drugs  in  "temperature- 
sensitive"  liposomes.   Proc.  Symp.  Liposomes  and  Immunobiology.   In  press. 
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Project  Description: 

Objectives :   To  obtain  analytic  expressions  for  the  time  evolution  of  the  dis- 
tribution function  describing  the  growth  of  aggregates  subsequent  to  the 
binding  of  ligand  to  laterally  mobile  cell  surface  receptors. 

Major  Findings:   The  kinetic  problem  for  the  entire  distribution  function, 
with  and  without  loop  closure  (cyclic  complexes)  was  solved  exactly  for  the 
first  time  for  a  bivalent-bivalent  system.   Because  the  formulation  of  the 
problem  leads  to  an  infinite  system  of  coupled  non-linear  equations,  numerical 
solutions  are  not  possible.   The  analytical  results  thus  allow  applications 
that  were  previously  not  possible. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
solution  to  this  problem  allows  correlations  to  be  drawn  about  cellular 
activity  and  the  size  of  the  aggregates  which  form  on  the  cell  surface,  i.e., 
previously  it  was  possible  only  to  connect  the  mean  number  of  crosslinked 
receptors  with  activity.   Now  the  importance  of  the  way  they  are  distributed 
in  various  sized  aggregates  can  be  assessed.   This  project  is  a  necessary 
aspect  of  all  other  research  projects. 

Proposed  Course:   Applications  to  basophils  and  mast  cells  responding  to 
multifunctional  antigens.   Assessement  of  the  role  of  valence  and  geometry  in 
the  regulation  of  the  response. 

Publications: 

DeLisi,  C. :   Theory  of  the  clustering  of  cell  surface  receptors  by  ligands  of 
arbitrary  valence:  Dependence  of  dose  response  patterns  on  coarse  cluster 
characteristics.   Math.  Biosci.,  in  press. 

Perelson,  A.  S. ,  and  DeLisi,  C. :   Receptor  clustering  on  a  cell  surface  theory 
of  receptor  cross-linking  by  ligands  bearing  two  identical  functional  groups. 
Math.  Biosci.   48:  71-110,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  development  of  mathematical  theories  for  various  components  of  the 
classical  complement  pathway,  and  their  application  to  data  analysis  was  contin- 
ued.  In  particular  mathematical  methods  were  developed  and  applied  to  the 
analysis  of  the  C9_  attack  sequence  and  C1Q  antibody  recognition. 
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Project  Description: 

Objectives:   To  obtain  information  about  (1)  the  final  stages  of  lysis, 
including  distribution  of  hole  sizes;  (2)  the  effect  of  epitope  density  on 
lysis;  (3)  the  effect  of  Ig  concentration  and  cell  surface  distribution  on  the 
kinetics  of  lysis. 

Major  findings: .  Data  fits  of  the  theory  predict  that  C9  binding  is  negatively 
cooperative.   The  result  suggests  the  possibility  of  a  conformational  change 
in  EAC1-8.   Recent  independent  experimental  studies  corroborate  this  predic- 
tion.  Data  analysis  also  indicates  clustering  of  the  EAC1-9  complexes.   The 
equilibrium  constant  for  C9  binding  at  low  concentrations  was  also  obtained 
from  the  best  fit  of  the  data.   The  value  of  5x10   M   is  within  experimental 
error  of  numbers  obtained  using  labelled  C9.   The  agreement  indicates  the 
possibility  of  using  the  relation  between  (C9)  dose  and  response  (hemolysis) 
as  a  method  for  obtaining  affinities  without  using  labelled  ligand. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Complement  is  of  extreme  importance  in  host  defense  systems.   Moreover,  the 
experimental  systems  are  an  excellent  model  for  understanding  initial  stages 
of  biological  events  and  correlating  molecular  and  cellular  events.   The  work 
interfaces  with  other  projects  on  cell  surface  events,  effector  functions  and 
cellular  activation. 

Proposed  Course:   Application  to  data,  followed  by  additional  experiments  as 
indicated  by  the  analysis.   Development  of  mathematical  methods  for  analyzing 
other  steps  in  the  classical  complement  pathway  as  time  and  support  permit. 

Publications: 

DeLisi,  C,  Boyle,  M.  ,  and  Borsos,  T.  :   Mathematical  analysis  of  the  reaction 
of  EAC1-8  with  C9.   Identification  of  parameters  defining  conditions  for 
molecular  titration.   J.  Immunol.,  in  press. 
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Kinetic  and  thermodynamic  studies  of  various  antibody  aggregates  interactinf 
with  mobile  Fc  receptors  on  cell  surfaces. 
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Project  Description: 

Objectives:   To  develop  a  detailed  understanding  of  Fc  receptor  redistributions 
upon  the  binding  antigen-antibody  complexes .   To  determine  and  study  the 
relation  between  cluster  size  and  distribution  and  cellular  activity. 

Methods  Employed:   Mathematical  analysis  of  experimental  data. 

Major  Findings:  Scatchard  plots  for  this  system  are  convex  to  the  origin.   The 
result  provides  the  first  direct  experimental  evidence  that  receptor  cluster- 
ing leads  to  such  plots.   The  rate  of  dissociation  of  labeled  ligand  is  faster 
in  the  presence  of  cold  ligand  than  in  its  absence.   The  result  again  provides 
the  first  direct  experimental  evidence  that  receptor  clustering  can  cause  such 
accelaration.  Both  effects  are  widely  observed  in  cell  systems,  and  they  have 
previously  been  attributed  to  negative  binding  cooperativity  caused  by  confor- 
mational changes  in  the  receptor.   The  results  therefore  may  require  a  reasses- 
ment  of  the  interpretation  of  a  wide  variety  of  data. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   This 
project  is  intimately  coupled  to  the  project  on  lymphocyte  activation,  com- 
plement activation  and  insulin  binding.   For  the  first  two,  binding  of  anti- 
bodies to  cells  via  the  Fc  receptor  must  precede  biological  activity.   A 
detailed  understanding  of  the  nature  of  the  complexes  formed  is  a  necessary 
component  of  developing  an  understanding  of  the  biological  processes. 

Proposed  Course:   The  theory  makes  predictions  related  to  the  effect  of  varia- 
tions in  the  mean  number  of  cell  surface  receptors  which  will  be  tested 
experimentally.   The  data  obtained  here  are  relevant  to  the  basophil  activa- 
tion study,  and  the  work  on  insulin.   The  relation  between  binding  and  activi- 
ty under  various  conditions  will  be  determined  and  analyzed. 

Publication: 

DeLisi,  C. :   Physical  Chemical  and  Biological  Implications  of  Receptor 
Clustering.  In  DeLisi,  C,  and  Blumenthal,  R.  (Eds.):   Physical  Chemical 

Aspects  of  Cell  Surface  Events  in  Cellular  Regulation.  New  York,  Elsevier 
North-Holland,  1979,  pp.  261-285. 


423 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  CB  08339-02  LTB 


5!RtMTD1979    to  September   30,    1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Physical  Chemistry  of  Insulin-cell  Interactions 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  ANO  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 


Charles  DeLisi,  Ph.D. 


Senior  Investigator 


LTB,  NCI 


COOPERATING  UNITS  (if  any)  ,        ,       ,  w  ,  '    ,    _  _  . 

Dr.  Pierre  DeMeyts,  International  Institute  of  Cellular  and  Molecular  Pathology 
Brussels,  Belgium. 


LAB/BRANCH 
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Mathematical  Biology  Section 


INSTITUTE  AND  LOCATION 

NCI,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 


0.2 


PROFESSIONAL: 


0.2 


CHECK  APPROPRIATE  BOX(ES) 
□  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   Q  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Mathematical  models  for  the  kinetics  of  insulin  binding  to  and  dissociating 
from  receptors  embedded  in  a  fluid  membrane  have  been  developed. 
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Project  Description: 

Objectives:   To  develop  an  understanding  of  the  details  of  the  interaction  of 
insulin  with  its  cell  surface  receptors. 

Methods  Employed:   Mathematical  modeling. 

Major  Findings:   By  using  a  simple  model  in  which  insulin  binds  to  and  then 
clusters  receptors,  we  were  able  to  fit  two  types  of  dissociation  kinetics 
(induced  by  dilution  alone  and  dilution  +  cold  hormone)  at  several  tempera- 
tures.  The  model  also  fits  NGF  data  and  thus  provides  an  alternative  to  the 
popular  notion  that  the  observed  kinetics  patterns  are  the  result  of  confor- 
mational changes.   However,  we  have  not  been  able  to  fit  association  and 
dissociation  simultaneously,  so  there  must  be  additional  processes  occurring 
which  have  not  yet  been  considered. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Under- 
standing the  nature  of  the  interaction  between  ligands  and  cell  surface  recep- 
tors is  the  first  step  in  developing  a  detailed  understanding  of  ligand  media- 
ted cellular  activation.   Regulation  at  the  cell  surface  level  or  lack  of  it 
is  a  fundamental  aspect  of  carcinogenesis. 

Proposed  Course:   Discontinued. 

Publications : 

DeLisi,  C,  and  Chabay,  R. :   The  influence  of  cell  surface  receptor  clustering 
on  the  thermodynamics  of  ligand  binding  and  the  kinetics  of  its  dissociation. 
Cell  Biophysics.,  1:  117-131,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  biological  theory  of  the  kinetics  of  activation  and  specific  desensi- 
tization  of  basophils  from  allergic  and  immunized  individuals  has  been  devel- 
oped,  and  applied  to  the  analysis  of  a  wide  variety  of  data. 
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Project  Description: 

Objectives:   The  long  term  goal  is  to  develop  an  understanding  of  the  relation- 
ship between  cell  surface  events  and  the  biochemical  pathway  which  a  cell 
follows.   In  the  basophil  system  in  particular,  this  means  sorting  out  the 
parameter  domains  corresponding  to  specific  desensitization,  non  specific 
desensitization,  histamine  secretion,  and  inactivity. 

Me thod s  Emp 1 oy ed :   Mathematical  modeling. 

Major  Findings:   Basophils  sensitized  to  penicillin  degranulate  and  release 
histamine  when  incubated  with  multivalent  penicillin  derivatives  but  not  with 
monovalent  hapten.   The  dose-response  curve  is  biphasic  with  maximal  release 
at  a  concentration  of  dimeric  hapten  of  about  1  nM.   The  characteristics  of 
the  response  generated  using  mixtures  of  monovalent  and  divalent  derivatives, 
as  well  as  a  variety  of  other  evidence,  suggest  that  the  rise  and  fall  in  the 
dose-response  curve  reflects  the  rise  and  fall  in  the  concentration  of  recep- 
tors cross-linked  by  the  multivalent  hapten. 

2+ 
Extracellular  Ca   is  required  for  histamine  release  and  cells  may  be 

densensitized  to  different  degrees  by  incubation  with  various  concentrations 
of  ligand  in  the  absence  of  Ca   .   Washing  and  rechallenging  cells  with  an 
optimal  dose  of  ligand  and  Ca   indicates  that  the  dose  dependence  of  desen- 
sitization is  also  biphasic  and  is  most  pronounced  at  a  ligand  concentration 
which  ordinarily  stimulates  maximal  release.   The  implication  is  that  cross- 
linking,  which,  for  the  thermodynamic  parameters  characteristics  of  this 
system,  will  lead  primarily  to  dimers  and  trimers,  initiates  signals  for  both 
degranulation  and  desensitization. 

Kinetic  studies  reveal  release  curves  which  are  sigmoidal,  having  delays 
in  the  onset  of  release  that  vary  with  ligand  concentration.   The  magnitude  of 
the  delay  is  a  biphasic  function  of  concentration  with  a  maximum  at  approxi- 
mately the  same  concentration  as  the  peak  in  the  dose-response  curve.   The 
results  are  interpreted  in  terms  of  a  model  in  which  cross-linked  receptors 
are  converted  to  an  active,  unstable  intermediate  which  facilitates  an  increase 
in  cytoplasmic  Ca   ,  but  which  decays  spontaneously  into  an  inactive  product. 
Dependence  of  histamine  release  on  the  concentration  of  the  intermediate  is 
:nonlinear,  suggesting  either  a  positive  feedback  loop  stabilizing  the  inter- 
mediate or  the  interaction  of  several  aggregates.   A  fit  of  a  simple  mathe- 
matical formulation  of  the  model  indicates  that  it  qualitatively  and  quanti- 
tatively explains  the  dose-response,  desensitization,  and  release  patterns. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Aside 
from  the  obvious  bearing  on  allergic  reactions,  the  basophil  system,  because 
it  is  a  one  ligand-one  cell  system  which  responds  in  minutes,  permits  the  type 
of  quantitative  analysis  which  is  not  possible  for  antibody  production  and  se- 
cretion.  It  is  therefore  a  model  system  for  studying  cellular  activation. 

Proposed  Course:   Experimental  tests  of  many  of  the  predictions  are  now  in  pro- 
gress.  The  model  will  be  extended  to  include  non  specific  desensitization. 
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Publications: 

Chabay,  R.  DeLisi,  C,  Hook,  W.  A.,  and  Siraganian,  R.  :   Receptor  cross- 
linking  and  histamine  release  in  basophils.   J.  Biol.  Chem.   in  press. 

DeLisi,  C,  and  Siraganian,  R. :   Receptor  crosslinking  and  histamine  release. 

I.  The  quantitative  dependence  of  basophil  degranulation  on  the  number  of 
receptor  doublets.   J.  Immunology.  122:  2286-2292,  1979. 

DeLisi,  C.  ,  and  Siraganian,  R. :   Receptor  crosslinking  and  histamine  release. 

II.  Analysis  and  interpretation  of  anamolous  dose  response  patterns.  J. 
Immunology.  122:  2293-2299,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  investigated  the  interaction  of  lipoproteins  with  liposomes  to 
form  recombinant  particles.   A  number  of  lipoprotein  fractions  (VLDL,  IDL,  LDL, 
and  HDL)  all  disrupt  liposome  structure  by  an  essentially  irreversible  and  quasi-- 
stoichiometric  process.   In  the  case  of  HDL,  the  major  apoprotein,  A-I,  recom- 
bines  with  dimyristoyl  phosphatidyl  choline  vesicles  at  40:1  lipid :protein  to 
form  discs  approximately  100  A  in  diameter  and  32  A  in  thickness,  with  protein 
on  the  rim.   These  structural  results  were  obtained  by  a  combination  of  neutron 
scattering,  electron  microscopy,  and  column  chromatography. 


With  dipalmitoyl  phosphatidylcholine,  A-I  also  forms  what  we  term  "vesicular 


recombinant"  particles  in  a  process  which  may  relate  to  physiological  mechanisms 
by  which  proteins  are  assembled  into  membranes  and  lipoproteins.   To  study  this 
process  we  have  developed  a  technique  called  "phase  transition  release"  (PTR) , 
which  is  also  being  applied  to  study  incorporation  of  tubulin  into  membranes. 
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Project  Description: 

Objectives:   To  investigate  the  interaction  between  liposomes  and  lipoproteins 
and  between  lipoproteins  and  cells.   More  specifically, 

(1)   To  define  the  mechanism  by  which  liposomes  are  broken  down  by  serum 
components,  principally  the  lipoproteins; 

C2)   To  determine  the  relative  efficacies  of  different  purified  apolipo- 
proteins  in  breaking  up  liposomes; 

(3)  To  develop  f luorescently  labelled  lipoproteins  and  liposome-apoprotein 
recombinants  for  use  in  studying  lipoprotein-cell  interactions; 

(4)  To  use  the  methods  developed  for  objectives  (1)  -  (3)  to  assess  the 
physical  chemistry  of  protein-lip id  interaction  in  lipoproteins; 

(5)  To  extend  to  other  bilayer-protein  interactions  the  concepts  thus 
developed; 

(6)  In  particular,  to  investigate  the  assembly  of  tubulin  into  membranes. 

Non-standard  Methods  Employed:   (a)  Preparation  of  liposomes,  by  probe  and  bath- 
sonication;  (b)  Dynamic  measurement  of  leakage  from  liposomes  as  a  function  of 
temperature,  using  a  temperature-scanning  fluorescence  system  devised  in  our 
laboratory,  i.e.,  "phase  transition  release"  (PTR) ;  (c)  Determination  of  the 
mobility  of  lipoproteins  and  liposomes  bound  to  the  cells,  using  f luorescence- 
photobleaching  recovery;  (d)  Neutron  scattering  studies  of  lipoprotein  size 
and  shape;  (e)  Aqueous  collisional  fluorescence  quenching  studies  of  lipid- 
protein  interaction;  (f)  Derivatization  of  proteins  with  trinitrobenzene 
sulfonate. 

Major  Findings:   (1)  Liposomes  are  broken  down  and  their  contents  released  by 
an  interaction  with  serum,  most  rapidly  at  the  lipid  phase  transition.   (2)  The 
serum  effect  is  mostly  due  to  low  density  (LDL)  and  high  density  (HDL)  lipo- 
proteins, but  very  low  density  and  intermediate  density  lipoproteins  also  play 
a  part,  as  also  does  some  other,  unidentified  component  of  the  serum.   (3) 
Heparinized  plasma,  EDTA  plasma,  and  serum  all  have  the  same  effect.   (4)  At 
least  in  the  case  of  apo-HDL  the  mechanism  appears  to  be  a  quasi-stoichiometric, 
all-or-nothing  breakdown  of  the  vesicle  into  a  Siuall  disc  of  lipid  rimmed  with 
protein.   The  process  is  largely  complete  within  a  second  or  two  at  the  phase 
transition  of  the  liposome  lipid  and  is  essentially  irreversible  on  that  time 
scale.   (5)  By  neutron  diffraction  and  electron  microscopic  studies  the  discs 
appear  to  be  about  100  A  in  diameter  and  32  A  in  thickness,  with  a  protein  rim. 
They  probably  consist  of  a  single  bilayer.   (6)  Cholesterol  at  40  mole  percent 
in  the  liposomes  severely  restricts  the  interaction  with  serum  components,  as 
does  the  formation  of  liposomes  from  lipids  which  are  below  their  phase  transi- 
tions at  the  temperature  of  study.   (7)  At  molar  ratios  of  about  2,000:1 
dipalmitoyl  phosphatidylcholine :Apo  A-I,  a  stable  vesicular  recombinant  particle 
(VR)  is  formed  below  the  lipid  phase  transition  temperature  (Tc) .   As  the  tem- 
perature is  raised  through  Tc  (in  PTR),  a  new     type  of  recombinant  (VR-Tc) 
is  formed.   By  physical  measurements  of  several  types,  the  A-I's  conformation 
and  disposition  in  the  lipid  change  at  Tc.   The  protein  probably  becomes  trans- 
membrane.  These  findings  may  relate  to  physiology  processes  for  formation  of 
HDL  and  to  the  assembly  of  intrinsic  proteins  into  membranes.   (8)  Purified 
tubulin  interacts  with  vesicles  at  Tc  to  form  vesicular  recombinants.   The 
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interaction  is  accompanied  by  structural  changes  in  lipid  and  protein.  (9) 
Studies  of  the  interaction  with  bilayers  of  a  hepatic  membrane  receptor  for 
asialoglycoprotein  are  described  in  another  report  (Z01  CB  08343-01  LTB) . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   (1)  A 
major  barrier  to  the  effective  use  of  liposomes  as  carriers  in  cancer  chemo- 
therapy and  diagnosis  has  been  a  lack  of  understanding  of  their  interactions 
with  serum.   Our  studies  define  the  interaction  and  indicate  what  type  of  lipo- 
somes must  be  used  to  avoid  it.   (2)  Our  studies  of  HDL-liposome  recombinants 
contribute  to  (1)  and  may  also  be  useful  in  delineating  mechanisms  of  ather- 
osclerosis.  (3)  Breakdown  of  liposomes  in  serum  is  essential  to  the  combination 
of  liposomes  with  hyperthermia  to  achieve  selective  release  of  drugs  in  the  area 
of  a  tumor. 

Proposed  Course:   We  are  continuing  work  on  each  of  the  objectives  listed. 
Liposome-lipoprotein  interactions  are  being  studied  by  phase  transition 
release  in  combination  with  other  physical  and  biochemical  techniques;  lipo- 
proteins and  liposome-lipoprotein  recombinants  are  being  f luorescently  labeled 
for  studies  of  their  physical  chemistry  and  interactions  with  cells;  the 
requirements  for  a  serum-stable  liposomal  carrier  are  being  defined,  with 
emphasis  now  on  the  differences  among  different  size  liposomes;  neutron 
scattering  studies  will  be  extended  to  higher  angle  regions;  electron  micro- 
graphs of  HDL-liposome  recombinants  will  be  subjected  to  image  analysis  to 
enhance  detail;  hyperthermic  release  of  drugs  from  vesicles  is  being  explored 
in  additional  tumor  systems  in  the  mouse  (see  report  on  Project  No.  CB  08335- 
04  LTB);  assembly  of  tubulin  into  bilayers  and  the  possible  physiological 
correlates  will  be  investigated  in  further  detail. 

Publications: 

Wlodawer,  A.,  Segrest,  J. P.,  Chung,  B.H. ,  Chiovetti,  R. ,  Jr.,  and  Weinstein, 
J.N. :   High  density  lipoprotein  recombinants:  Evidence  for  a  bicycle  tire 
micelle  structure  obtained  by  neutron  scattering  and  electron  microscopy. 
FEES  Letters.   104:  231-235,  1979. 

Weinstein,  J.N. ,  Magin,  R.L. ,  Cysyk,  R.L.,  and  Zaharko ,  D.S.:  Treatment  of 
solid  L1210  murine  tumors  with  local  hyperthermia  and  temperature-sensitive 
liposomes  containing  methotrexate.   Cancer  Research.,  in  press. 

Klausner,  R.L.,  Bridges,  K. ,  Tsunoo,  H. ,  Blumenthal,  R. ,  Weinstein,  J.N.,  and 
Ashwell,  G.:   Conformational  changes  in  the  hepatic  asialoglycoprotein  receptor 
upon  interaction  with  membranes  and  ligand.   Proc.  Nat.  Acad.  Sci.,  in  press. 

Magin,  R.L. ,  and  Weinstein,  J.N. :   Selective  delivery  of  drugs  in  "temperature- 
sensitive"  liposomes.   Proc.  Symp.  Liposomes  and  Immunobiology. ,  in  press. 

Blumenthal,  R. ,  Klausner,  R.D.,  Weinstein,  J.N.,  Bridges,  K. ,  Tsunoo,  H. , 
Ashwell,  G. :   Voltage-dependent  translocation  of  hepatic  binding  protein 
across  lipid  model  membranes.   Annals  N.Y.  Acad.  Sci.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Expressions  for  mean  first  collision  times  and  effective  forward  and 
reverse  rate  constants  were  developed  for  reactions  between  small  ligands  and 
cells  having  a  finite  number  of  reactive  patches,  but  being  otherwise  unreactive 
The  theory  for  reverse  reactions  on  fluid  surface  was  also  developed,  and  the 
theory  for  the  forward  reaction  was  extended  to  collisions  between  non  uniformly 
reactive  disks. 


432 


PHS-6040 
(Rev.  IO-76) 


Project  No.  Z01  08342-01  LTB 
Project  Description: 

Objective:   To  obtain  expressions  that  can  be  used  to  analyze  kinetic  data 
for  reactions  between  ligands  and  cell  bound  receptors. 

Major  Findings:   The  theory  is  being  used  to  answer  a  variety  of  questions  of 
biological  interest.   One  application  has  been  to  the  dissociation  of  ligands 
from  cell  surfaces.   In  particular  the  theory  predicts  that  accelerated 
dissociation  by  cold  ligand,  and  multi  exponential  decay  of  label,  is  expected 
even  in  the  absence  of  negative  cooperativity  and  cross -linking.   The  con- 
ditions under  which  such  observations  are  expected  have  been  derived,  and  a 
consideration  of  known  rate  constants  indicates  that  they  are  likely  to  be 
met  in  a  large  number  of  cases. 

Clustering  of  receptors  is  responsible  for  cell  activation  and/or  desen- 
sitization  in  a  variety  of  systems.   Moreover,  since  very  few  clusters  - 
perhaps  three  or  four  -  are  needed  to  induce  a  histamine  release  from  basophils, 
the  question  of  how  cells  prevent  spontaneous  activation  arises.   Equilibrium 
calculations  based  on  the  entropic  loss  in  constraining  receptors  to  be  _    , 
adjacent,  indicate  that  hundreds  of  pairs  are  expected  on  cells  having  10  -10 
receptors. 

The  results  of  this  project  shed  light  on  this  problem.   The  main  idea 
is  that  receptors  must  remain  within  some  minimum  distance  of  one  another 
for  some  required  amount  of  time  to  tranduce  a  signal.   The  equations  indicate 
that  receptors  will  diffuse  out  of  this  required  distance  very  rapidly,  on  the 
order  of  10   seconds.   Thus  for  transduction  times  of  the  order  of  a  milli- 
second, the  ratio  of  separation  time  to  transduction  time  (the  central  param- 
eter) is  in  the  range  of  10-100.   One  can  then  show  that  the  probability  of 
spontaneous  transduction  can  easily  be  as  low  or  lower  than  10   .   With  even 
a  weak  affinity  ligand,  the  probability  changes  to  close  to  one.   Thus  a 
control  mechanism  based  as  a  residence  time  requirement  can  easily  lead  to 
virtually  infinite  amplification  of  transduction. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
methods  are  required  to  develop  an  understanding  of  the  physical  chemistry  of 
the  regulation  of  cell  responsiveness  at  the  cell  surface  level.   Aspects  of 
these  ideas  may  be  relevant  to  a  wide  range  of  biological  processes  including 
enzymic  enhancement  of  catalysis . 

Proposed  Course:   Extensions  to  include  non  specific  kinetics  pathways  to 
specifically  bound  states.   The  development  of  a  formalism  to  compare  reactions 
of  ligands  with  dispersed  and  cell  bound  receptors. 

Publication: 

DeLisi,  C:   The  biophysics  of  ligand-receptors  intersections.   Quart.  Rev. 
Biophys. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Electrical  properties  of  bimolecular  lipid  membranes  (BLM)  are  measured  to 
study:  (1)  mechanisms  of  transport  of  ions  mediated  by  carriers  or  channels • 
(2)  properties  of  ionophores  isolated  from  natural  cell  membranes; (3)  mechanisms 
of  immune  cytotoxicity; (4)  the  effect  of  the  membrane  potential  on  the  dispo- 
sition of  membrane  proteins.   A  solubilized  detergent-free  preparation  of  the 
hepatic  binding  protein  for  asialoglycoproteins  associates  spontaneously  with 
small,  unilamellar  lipid  vesicles.   In  a  BLM  it  induces  voltage-dependent 
increases  in  ion  conductance  across  the  bilayer  probably  reflecting  penetration 
of  the  protein  into  the  bilayer  towards  an  electrically  positive  pole.   In  the 
presence  of  specific  ligand  this  penetration  leads  to  translocation  of  the 
receptor  from  one  side  of  the  bilayer  to  the  other.   These  observations 
suggest  a  mechanism  by  which  biological  membranes  might  regulate  the  disposition 
of  their  proteins  and  a  way  which  membrane  receptors  involved  in  endocytosis 
might  be  spared  lysosomal  destruction  in  order  to  be  recycled  to  the  plasma 
membrane. 
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Project  Description: 

Objectives :   To  study  the  physical  mechanisms  of  ion  transport  in  reconstituted 
membranes.   To  develop  the  lipid  bilayer  membrane  as  an  assay  for  ionophoric 
materials  isolated  from  natural  cell  membranes.   To  study  mechanisms  of  cyto- 
toxicity.  To  study  the  effect  of  the  membrane  potential  in  the  disposition  of 
membrane  proteins. 

Methods  Employed :   The  bilayer  membranes  are  formed  from  natural  membrane  ex- 
tracts, oxidized  cholesterol,  or  pure  lipids  in  an  aperture  between  two  elec- 
trolyte solutions.   The  electrical  properties  of  the  membranes  are  measured 
before  and  after  application  of  an  activating  factor.   Spectroscopic  changes 
upon  interaction  with  lipid  vesicles  are  studied  by  fluorometry  and  circular 
dichroism. 

Major  Findings:   (1)  A  solubilized,  detergent-free  preparation  of  the  hepatic 
binding  protein  specific  for  asialoglycoproteins  spontaneously  associates  with 
small,  unilamellar  lipid  vesicles.   This  process  restores  the  specific  binding 
activity  of  the  receptor  protein.   Circular  dichroism  studies  indicate  that 
the  protein  undergoes  a  conformational  change  on  association  with  lipid,  and 
binding  of  specific  ligand  produces  further  physical  changes  in  the  receptor 
as  indicated  by  alterations  in  the  tryptophan  fluorescence  quenching  patterns. 
(2)  The  receptor  protein  induces  voltage-dependent  increases  in  ion  conduc- 
tance across  a  BLM,  probably  reflecting  penetration  of  the  protein  towards  an 
electrically  positive  pole.   In  the  presence  of  the  specific  ligand  for  the 
receptor,  this  penetration  leads  to  a  translocation  of  the  receptor  from  one 
side  of  the  bilayer  to  the  other.   (3)  The  hemolytic  toxin,  tetanolysin, 
produces  large  conductance  changes  in  cholesterol-containing  BLM.   This 
matches  the  cholesterol  dependence  of  its  hemolytic  action  (4)  choleratoxin 
produces  conductance  changes  in  ganglioside-containing  BLM,  probably  due  to  a 
perturbation  of  lipid  stucture  and  not  due  to  channels. 

Significance  for  Biomedical  Research  and  the  Program  of  the  Institute: 
Understanding  membrane  transport  and  mechanisims  of  cytotoxicity  are  considered 
to  have  important  implications  for  cell  transformation  and  for  many  aspects  of 
the  physiology  of  normal  and  tumor  cells. 

Proposed  Course:   The  BLM  will  continue  to  be  used  as  an  assay  for  conductance- 
inducing  materials  from  cells.   The  notion  of  voltage-dependent  assembly  of 
proteins  in  membranes  will  be  further  explored  with  other  proteins  and  using 
biochemical  techniques.   The  nature  of  the  conductance  change  induced  by  the 
hepatic  binding  protein  or  by  the  toxins  will  be  studied  in  more  detail.   The  BLM 
studies  on  cell-mediated  cytotoxicity  will  be  pursued,  using  cytotoxic  T-cells. 
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Publications: 


Blumenthal,  R. :  The  Interaction  of  Membrane  Proteins  with  Black  Lipid 
Membranes.  In  G.  Poste  and  G.L.  Nicholson  (Eds.):  Cell  Surface  Reviews, 
vol.  9,  in  press. 

Blumenthal,  R. :   Membrane  Transport.  In  Colombetti  L.  (Ed.):  Radiotracers  in 
Biology  and  Medicine.   CRC  Press,  Cleveland,  Ohio,  in  press. 

Klausner,  R.D. ,  Bridges,  K. ,  Tsunoo,  M. ,  Blumenthal,  R. ,  Weinstein,  J.N. 
and  Ashwell  G. :   Physical  changes  in  the  hepatic  asialoglycoprotein 
receptor  upon  interaction  with  membranes  and  ligand.   Proc.  Natl.  Acad. 
Sci. ,  in  press. 

Blumenthal,  R.  Klausner,  R.D.,  Weinstein,  J.N.,  Bridges,  K. ,  Tsunoo,  H. , 
and  Ashwell,  G. :   Voltage-dependent  translocation  of  hepatic  binding  protein 
across  lipid  model  membranes.   Ann.  N.Y.  Acad.  Sci.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Millions  of  binder-ligand  assays  are  performed  throughout  the  world 
annually,  effecting  virtually  every  discipline  within  medicine.   Still,  many 
basic  priciples  of  assay  design  remain  poorly  understood.   This  project  is  an 
attempt  at  comprehensive  mathematical  modeling  (computer  simulation)  of  one 
type  of  binder-ligand  assay,  radioimmunoassay.   The  computer  model  combines  a 
chemical  kinetic  model  for  the  constituents  of  the  assay  reactions  with  a 


statistical  model  for  the  various  sources  of  random  error  in  the  assay  method. 


One  particular  strength  of  the  model  is  its  ability  to  simulate  disequilibrium 
assays.   Important  assay  performance  parameters  such  as  imprecision,  response, 
error  in  response,  and  slope  of  calibration  curve,  can  be  examined  as  functions 
of  any  two  assay  parameters,  utilizing  contour  mapping  procedures,  thus  allowing 
the  study  of  assay  ruggedness.   Two-dimensional  plots  such  as  calibration  curves 
Scatchard  plots,  Hill-Sips  plots,  imprecision  profiles  and  response-error 


relationships  can  also  be  produced. 
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Project  Description: 

Objectives:  To  create  and  study  a  comprehensive  theoretical  model  for  radio- 
immunoassay, one  which  allows  analysis  of  optimal  assay  design  priciples  with 
respect  to  imprecision  and  ruggedness  of  assay  results. 

Methods  Employed;   A  structured  FORTRAN  IV  program,  utilizing  a  state-of-art 
stiff  system  integrator  to  solve  the  differential  equations  describing  the 
assay  chemical  reactions,  a  simplex  optimization  method,  and  comprehansive  two 
and  three  dimensional  graphics  to  display  results.   Errors  are  simulated  by 
first-term  Taylor's  series  approximations  and  Poisson  counting  error  formulas. 

Major  Findings:   The  most  interesting  finding  thus  far  is  that  in  routine 
equilibrium  radioimmunoassays,  the  variability  of  separation  misclassif ication 
is  much  more  important  than  the  magnitude  of  the  misclassif ication  itself,  in 
terms  of  decreasing  precision  of  assay  results.   This  finding  contradicts  the 
widely  held,  but  theoretically  unfounded,  general  notion  of  how  to  design  an 
assay. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Radio- 
immunoassay and  related  techniques  are  the  cornerstone  of  much  of  contemporary 
medical  research  and  clinical  practice.   A  deeper  understanding  of  the  basic 
concepts  of  efficient  assay  design  could  save  large  amount  of  money,  increase 
the  speed  with  which  assay  results  are  obtained,  and  improve  the  reliability 
of  the  results,  thus  improving  the  quality  of  medical  research  and  clinical 
care. 

Proposed  Course:   The  most  important  benefits  of  the  model  are  yet  to  be 
realized.   Over  the  next  three  months  it  will  be  studied  intensively,  parti- 
cularly with  regard  to  assay  systems  not  at  chemical  equilibrium.   Several 
highly  successful  disequilibrium  assay  designs  have  not  gained  the  attention 
and  acceptance  they  deserve  because  their  design  contradicts  the  subjective 
guidelines  accepted  by  most  of  the  assay  community.   This  model  should  be  able 
to  validate  and  explain  these  unusual  designs,  and  perhaps  anticipate  other 
novel  forms  of  assay  design  which  would  not  be  found  without  years  of  experi- 
mental trial-and-error.   This  project  also  lays  the  foundation  for  a  theore- 
tical comparison  of  the  performance  limits  of  the  numerous  forms  of  binder- 
ligand  assays  currently  available,  and  may  suggest  which  methods  are  most 
worth  developing  further. 

Publications: 

Rodgers,  R.C.:   Mathematics  of  binder-ligand  assay.   In  Langen,  J.,  and  Capp, 
J.  (Eds.):   Proceedings  of  the  Second  Nichols  Institute  International  Symposium 
on  Isotopic  and  Non-isotopic  Ligand  Assay,  in  press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Bacteriorhodopsin  (BR)  is  a  27,000  dalton  protein  that  can  be  isolated 
from  the  purple  membrane  of  Halobacterium  halobium.   It  functions  as  a  light 
driven  proton  pump.   Crystalline  purple  membrane  fragments  are  isolated, 


solubilized  by  detergent  and  reconstituted  into  pure  egg  yolk  lecithin  vesicles, 
Even  at  lipid  to  protein  ratios  of  700:1,  circular  dichroism  reveals  strong 
monomer-monomer  association.   Tryptophan  fluorescence  reveals  a  highly  blue 
shifted  emission  spectrum  whose  quantum  yield  is  unchanged  with  light-dark 
adaptation.   Tryptophan  lifetime  heterogeneity  analysis  reveals  two  populations 
of  f luorophores,  one  of  which  is  altered  by  light  adaptation.   Fluorescence 
energy  transfer  from  BR  tryptophan  to  anthrostearic  acid  probes  inserted  into 


the  vesicles  allows  us  to  map  the  spatial  distribution  of  the  tryptophans  and 
sensitively  monitor  conformational  changes  in  the  protein.   This  is  a  new 
technique  that  will  allow  in  situ  conformational  analysis  of  membrane  proteins. 
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Project  Description: 

Objectives:   To  develop  the  application  of  the  technique  of  energy  transfer  to 
the  study  of  membrane  protein  conformation.   To  study  the  conformation  of  BR 
and  correlate  conformational  changes  with  its  proton-pumping  action. 

Methods  Employed: 

1.  Re const! tut ion:  Several  techniques  for  replacing  detergent  with  defined 
lipids  to  form  BR-containing  vesicles  are  used  including  dialysis  and 
exchange  chromatography. 

2.  Spectroscopy:  Circular  dichroism  is  used  to  monitor  retinal-retinal 
excitons  as  a  measure  of  the  aggregation  state  of  the  protein.   Tryp- 
tophan fluorescence  with  analysis  of  the  tryptophan  lifetimes  to 
define  the  environmental  heterogeneity  of  these  amino  acids  in  the 
protein. 

3.  Fluorescence  energy  transfer:  stearic  acid  is  conjugated  to  anthracene 
and  used  as  the  acceptor  for  the  non-radiative  energy  transfer  from 
tryptophan  flourescent  donors.   Each  probe  used  has  the  anthracene 
moiety  attached  to  a  specific  carbon  of  the  fatty  acid  acyl  chain. 
The  amount  of  energy  transfer  (measured  by  the  quenching  of  tryptophan 
fluorescence)  from  BR  to  each  of  these  probes  is  determined. 

4.  Energy  transfer  rates  can  be  calculated  from  the  anthracene  probes  to 
the  retinal  and  the  retinal  can  therefore  be  localized. 

5.  The  validity  of  the  general  technique  of  energy  transfer  from  multiple 
tryptophans  to  these  probes  are  tested  in  two  ways: 

A.  Experimentally 

1)  Carefully  measuring  the  overlap  integrals  of  the  tryptophans 
and  each  probe. 

2)  Measuring  the  decay  anisotropy  of  each  probe  in  these 
vesicles  to  obtain  a  measure  of  the  relative  contributions 
of  orientation  and  distance  to  the  energy  transfer  rates. 

3)  Measuring  the  effects  of  the  different  probes  on  the 
lifetime  distribution  of  the  tryptophans. 

B.  Theoretically 

Computer  modeling  of  the  range  of  geometric  configurations  com- 
patible with  the  energy  transfer  calculations.   This  will  allow  us 
to  establish  limits  on  the  sensitivity  of  the  method  to  conforma- 
tional changes . 

Significant  Findings:   1.  Even  at  high  lipid :protein  ratios  in  reconstituted 
vesicles  (700:1),  BR  monomers  associate  at  least  into  dimers.   2.  There  are 
two  populations  of  tryptophan  in  BR:  one  with  a  lifetime  of  .7  nsec.  and 
another  minor  component  with  a  lifetime  of  7  nsec.   Light  adaptation  does  not 
change  the  overall  quantum  yield  of  BR  tryptophan  fluorescence  but  does  shorten 
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the  minor  lifetime  component  to  5  nsec.   3.  Energy  transfer  suggests  that 
there  are  two  masses  of  tryptophans:  one  located  about  3A  from  the  surface  and 
one  between  12  and  16A  from  the  surface.   Light  adaptation  of  the  BR  produces 
a  specific  alteration  of  the  energy  transfer  profile  suggesting  a  shift  in  the 
massing  of  the  tryptophan. 

Significance  for  Biomedical  Research  and  the  Program  of  the  Institute:   The 
ability  to  analyze  conformation  changes  in  membrane  proteins  is  essential  to 
understanding  the  normal  and  aberrant  behavior  of  cell  membranes. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  detailed  kinetic  model  is  being  constructed  of  the  action  of  (Na,K) -ATPase 
incorporating  as  much  information  as  is  presently  available,  with  the  object  of 
establishing  whether  an  extensive  range  of  linear  behavior  can  be  found.   Such 
behavior  is  characteristic  of  the  sodium  pump  in  epithelia  such  as  frog  skin, 
toad  skin,  and  toad  urinary  bladder,  and  is  also  characteristic  of  the  proton 
pump  in  turtle  urinary  bladder.   Moreover,  linear  behavior  is  observed  in 
oxidative  phosphorylation  by  mitochondria.   Linearity  of  this  type  has  important 
implications  in  the  nonequilibrium  thermodynamic  analysis  of  the  efficiency  of 
energy  conversion,  degree  of  coupling,  and  stability  of  biological  energy 
transducing  systems. 
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Project  Description: 

Objectives:   The  aim  of  this  study  is  to  examine  under  what  circumstances 
extended  ranges  of  linearity  are  to  be  anticipated  in  coupled  transport  systems, 
in  particular  ion  pumps.   Linearity  of  the  flows  in  the  thermodynamic  forces, 
or  affinities,  is  a  remarkable  characteristic  of  the  sodium  pump  in  many 
amphibian  epithelia  (which  serve  as  important  models  for  kidney  action) .   It 
is  also  characteristic  of  proton  pumping,  including  the  proton  pumping  associ- 
ated with  oxidative  phosphorylation  in  mitochondria.   In  the  latter  case  both 
the  pump  linked  with  respiration  and  the  pump  linked  with  ATP  production  have 
been  shown  to  behave  linearly.   Moreover,  the  experimental  finding  in  mito- 
chondria is  that  linearity  is  accompanied  by  Onsager-type  reciprocity  in  the 
coupled  flows,  although  the  systems  operate  far  from  equilibrium.   This  is 
unexpected,  since  coupled  chemical  reactions  are  generally  held  to  be  non- 
linear and  non-reciprocal  except  in  the  very  close  neighborhood  of  equilibrium. 

Methods  Employed:   The  kinetics  of  (Na , K) -ATPase  are  being  examined  by  con- 
structing a  detailed  computer  model  incorporating  as  much  of  the  kinetic 
information  available  at  present  as  can  be  built  into  a  self-consistent  scheme. 
This  approach  results  in  a  system  of  considerable  complexity  which,  possibly 
because  of  internal  feed-back  loops,  may  well  show  linear  behavior  under 
appropriate  circumstances.   However,  in  order  to  gain  more  understanding  of 
the  system,  attention  has  also  been  turned  to  simpler  steady-state  kinetic 
models  of  electrogenic  ion  pumps.   This  class  of  models  is  quite  general  and 
may  be  treated  analytically  by  the  diagram  method  introduced  by  T.L.  Hill. 

Major  Findings: 

A.  Linearity  and  reciprocity 

It  has  recently  been  shown  that  coupled  systems  which  can  be 
described  by  the  diagram  method  all  possess,  subject  to  two  non-restrictive 
conditions,  a  multidimensional  inflection  point  (MIP) .   In  other  words,  all 
such  systems  are  characterized  by  a  unique  stationary  state  in  the  neighbor- 
hood of  which  linearity  may  be  observed  (usually  over  a  range  of  some  3  kcal/ 
mole  in  the  affinities) .   In  the  present  study  it  has  been  discovered  that 
reciprocity  always  exists  at  the  MIP.   This  not  only  offers  an  explanation  of 
the  experimental  observations  but  has  additional  important  implications.   One 
is  that  in  the  close  neighborhood  of  the  MIP  the  stability  of  such  systems  is 
guaranteed. 

B.  Efficiency 

An  unforseen  result  of  the  steady-state  studies  is  that  over  virtually 
all  the  physiological  range  efficiency  is  reduced,  in  most  cases  sharply,  as 
one  moves  from  a  linear  region  of  operation  to  a  non-linear  region  of  operation. 

Significance  for  Biomedical  Research  and  the  Program  of  the  Institute:   It  is 
tempting  to  draw  the  conclusion  that  evolutionary  pressure  may  have  led  to  the 
development  of  kinetic  schemes  which  optimize  stability  and  efficiency  and 
hence  show  linearity.   If  so,  it  is  probable  that  wider  ranges  of  linearity 
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appear  in  more  realistic  (and  hence  complex)  models.   This  would  provide 
a  solid  basis  for  the  interpretation  of  kinetic  observations  in  Jja  vivo 
transport  systems. 

Proposed  Course:   It  is  intended  to  continue  the  kinetic  modeling  of  (Na,K)- 
ATPase. 
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Project  Description: 

Objectives:   To  determine  whether  prodrugs  that  are  preferentially  activated 
in  tumor  cell  in  vitro  (Carl,  P.L.  et.al.,  Proc.  Nat'l.  Acad.  Sci.  U.S.  77(4) : 
2224-2228  (1980))  will  have  significant  advantages  over  conventional  chemo- 
theraputic  agents  directed  against  solid  tumors  in  vivo. 

Methods  Employed:   Mathematical  modeling;  computer  simulation. 

Major  Findings:   Our  preliminary  results  for  mice  and  humans  identify  chemical 
properties  of  prodrugs  and  suggest  prodrug  administration  schedules  that  will 
maximize  tumor  exposure  to  active  drugs  and  minimize  the  exposure  of  other 
sensitive  tissues. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   These 
simulations  suggest  strategies  for  prodrug  design  that  may  lead  to  the  devel- 
opment of  chemotheraputic  agents  that  are  more  effective  against  solid  tumors 
and  less  damaging  to  other  tissues. 

Proposed  Course:   When  data  from  the  first  animal  trials  of  these  prodrugs 
become  available  the  model  will  used  to  fit  these  data  and  analyze  the  actual 
kinetic  behavior  of  the  prodrugs. 
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Project  Description: 

Objectives:   To  develop  a  general,  unified  hormone-receptor  model  from  the 
insights  gained  by  studying  the  individual  systems. 

Major  Findings:   The  model  is  still  in  the  developmental  stages.   New  insights 
were  gained  on  the  degradation  pathways  of  insulin.   Some  simulations  have 
also  been  made  on  the  glucogon  recepors  and  the  role  of  GTP  on  the  production 
of  cyclic  AMP. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
receptor  systems  are  most  important  in  the  control  of  cellular  processes  and 
are  thus  relavant  to  much  of  the  biological  research  conducted  in  this  and 
other  laboratories  at  NIH  and  elsewhere. 

Proposed  Course:   Development  of  the  model  using  various  receptor  systems 
in-vitro  and  in-vivo  will  continue. 
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SUMMARY  REPORT 

IMMUNOLOGY  BRANCH 

Fiscal  Year  1979 

The  Immunology  Branch  carries  out  laboratory  investigations  in  basic  immuno- 
biology  with  particular  emphasis  given  to  studies  of  regulation  and  control 
of  immune  responses,  structure  and  function  of  cell  surfaces,  transplantation 
biology  and  tumor  immunology.   In  addition,  clinical  studies  of  relevance  to 
tumor  immunology  are  performed. 

A.   REGULATION  AND  CONTROL  OF  IMMUNE  RESPONSES 

It  is  known  that  specific  antibody  synthesis  is  controlled  by  genes  located 
in  or  near  the  major  histocompatibility  complex  (MHC).   The  nature  and 
function  of  the  genetic  control  of  the  cellular  interactions  involved  in 
antibody  responses  are  under  investigation.   An  in  vitro  system  for 
generating  both  primary  and  secondary  antibody  responses  to  soluble  antigens 
has  been  developed.   Responses  to  a  large  set  of  antigens  are  T  cell 
dependent — these  responses  requiring  T  cells  and  accessory  cells,  as  well  as 
B  cells.   The  generation  of  specific  antibody  responses  to  these 
T  cell-dependent  antigens  requires  the  active  recognition  by  T  cells  of  H-2 
antigens  (probably  la  antigens)  as  "self"  markers.   Experiments  have  shown 
that,  for  the  development  of  primary  antibody  to  TNP-KLH,  the  helper  T-cell 
recognizes  MHC  determinants  on  macrophages  and  not  on  B  cells.   Moreover, 
the  H-2  antigens  that  are  recognized  as  "self"  are  not  determined  by  the 
genotype  of  the  T  cells,  but  rather  by  the  genotype  of  the  host  in  which  the 
T  cells  mature  (CB-05064). 

The  identity  of  the  determinants  on  accessory  cells  recognized  by  T  cells  has 
been  probed  by  a  series  of  hybridoma  reagents  and  these  determinants  appear 
to  be  identical  to  or  closely  linked  to  serologically  detectable  la  antigens 
(CB-5064).   Recent  experiments  have  shown  for  T-dependent  as  well  as  for 
certain  T  independent  antibody  responses,  that  B  cells  also  actively 
recognize  H-2  encoded  determinants  on  accessory  cells.   The  mechanisms  of 
activation  of  antibody  forming  B  cells  are  being  studied.   Distinct  B-cell 
populations  respond  to  different  antigens  and  the  inability  of  the 
genetically  defective  CBA/N  mouse  to  respond  to  certain  antigens  has  been 
shown  to  be  due  to  the  absence  of  a  mature  population  of  B  cells  (CB-05090). 
This  mature  B  cell  population  is  characterized  in  non-defective  strains  by 
the  expression  of  the  Lyb  5  antigen,  and  has  been  shown  to  be  the  B  cell 
population  uniquely  capable  of  being  activated  by  antigen-presenting 
accessory  cells. 

Accessory  cells  which  support  antigen  specific  primed  lymph  node  T  cell 
proliferation  as  well  as  in  vitro  antibody  responses  are  Thy  1.2  negative, 
radio-resistant,  glass  adherent,  surface  Ig  negative,  phagocytic,  express  Fc 
receptors  and  express  I -A  and  I-E/C  subregion  encoded  la  antigens.   Studies 
of  the  ontogeny  of  the  accessory  cell  population  have  shown  that  the 
appearance  of  accessory  cell  function  and  the  expression  of  la  antigens  by 
these  cells  are  highly  correlated  (CB-05081).   The  regulation  of  antibody 
responses  by  H-2-linked  immune  response  (_Ir)  genes  has  been  studied  in  vitro. 
T  cell  and  accessory  cell  dependent  responses  to  TNP-TGAL,  TNP-HGAL,  and 
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TNP-Nuclease  are  under  strict  H-2  linked  _Ir  gene  control.   The  function  of 
accessory  cells  in  response  to  each  of  these  antigens  is  also  regulated  by 
H-2  linked  I_r  genes  and  these  are  encoded  within  the  same  subregions  of  H-2 
as  is  the  overall  in  vitro  and  in  vivo  response  to  these  antigens.   In 
contrast,  B  cells  and  T  cells  of  low  responder  strains  to  TNP-(T,G)-A — L  do 
not  express  the  I_r  gene  defect  (CB-05086). 

Genetic  control  is  also  being  studied  in  vivo,  utilizing  the  complex  antigen 
staphylococcal  nuclease.   Antibody  responses  to  this  antigen  are  under 
control  of  H-2-linked  immune  response  genes.   Both  high  responder  and  low 
responder  animals  were  found  to  make  comparable  levels  of  anti-nuclease 
antibody  following  multiple  boosts  with  antigen.   However,  the  proportion  of 
antibody  against  the  carboxy  terminal  third  of  the  nuclease  molecule  was 
very  different  in  these  two  strains.   This  indicates  that  H-2-linked  Ir  gene 
control  must  exert  an  effect  at  the  B  cell  as  well  as  at  the  T  cell  level 
(CB-05036).   An  additional  approach  to  the  study  of  genetic  control  of 
antibody  responses  has  examined  the  genetics  and  functional  significance  of 
idiotype  expression.   Antibodies  against  idiotypic  determinants  on 
anti-nuclease  antibody  have  been  produced  in  rats  and  pigs  and  used  to  screen 
a  variety  of  strains  for  the  presence  of  idiotype.   Results  of  these  studies 
indicate  that  idiotype  expression  on  antibody  molecules  is  linked  to  the 
heavy  chain  allotype  marker,  rather  than  to  immune  response  gene  loci. 
Administration  of  anti-idiotypic  antibodies  to  mice  has  been  found  to  induce 
idiotype  expression  in  the  serum  of  these  animals.   This  effect  appears  to 
involve  T  cells,  since  it  is  not  observed  in  nude  mice  (CB-05036).   In 
addition,  anti-idiotypic  antisera  administered  in  vivo  have  been  shown  to 
specifically  prime  helper  T  cells  for  in  vitro  antibody  responses  to 
TNP-Nuclease.   Moreover,  anti-idiotypic  antisera  inhibited  the  in  vitro 
antibody  responses  of  nuclease-primed  or  anti-idiotypeprimed  spleen  cells. 
Direct  demonstration  that  helper  T  cells  express  the  anti-nuclease  idiotype 
was  accomplished  by  direct  elimination  of  nuclease-specif ic  helper  T  cells 
after  treatment  with  cytotoxic  anti-idiotype  sera  and  complement  (CB-05092). 

In  parallel  studies,  it  has  been  observed  that  T  lymphocytes  express 
anti-TGAL  idiotypes  identical  to  or  cross  reactive  with  those  found  in 
anti-TGAL  antibodies  produced  in  the  same  mouse  strain.   Similar  or  identical 
idiotype  is  found  on  both  IgG  and  IgM  antibodies,  and  expression  of  these 
idiotypes  is  controlled  by  genes  linked  to  the  heavy  chain  allotype  locus 
(CB-05058). 

Viruses  or  chemicals  can  modify  the  surfaces  of  cells  to  create  new  antigens 
that  depend  both  on  the  modifying  agent  and  on  the  histcompatibility  antigens 
of  the  cell  surface  being  modified.   TNP  modified  spleen  cells  induce 
cytotoxic  effector  cells  which  only  lyse  TNP  modified  target  cells  and  only 
if  those  target  cells  share  appropriate  H-2  antigens  with  both  the 
stimulating  and  the  effectors  cells  (CB-05038).   In  order  to  ascertain  the 
site  and  mechanism  by  which  the  T  cell  self-MHC  specific  repertoire  is 
determined,  the  MHC  specificity  of  cytotoxic  precursor  cells  differentiating 
in  the  thymuses  of  radiation  bone  marrow  chimeras  was  assessed.   Thymocytes 
from  chimeras  were  capable  of  recognizing  TNP  in  association  with  only  those 
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MHC  determinants  expressed  by  the  chimera  host.   Thus,  the  earliest  donor 
T  cells  in  chimeric  mice  already  displayed  self-MHC  recognition  restricted 
to  the  host  thymic  MHC  determinants,  consistent  with  the  ability  of  the 
thymus  to  determine  MHC  restrictions  of  T  cell  recognition  (CB-05094). 
H-2  linked  strain  dependent  differences  were  demonstrated  in  the  ability  to 
respond  against  cells  modified  with  low  concentrations  of  TNBS  or  with 
fluorescein  isothiocyanate,  or  with  1,5  I-AEDANS.   Responder  strains  can  be 
specifically  primed  in  vivo  to  give  enhanced  secondary  in  vitro  cytotoxic 
responses  to  TNP  self  (CB-05038). 

Studies  within  this  system  have  been  extended  to  determine  the  ability  of 
human  peripheral  blood  leukocytes  to  be  stimulated  in  vitro  against  TNP- 
modified  autologous  leukocytes.   Proliferative  and  cytotoxic  responses  were 
obtained  and  the  results  indicated  that  the  T  cells  involved  recognize  TNP 
in  association  with  human-specific  self  determinants.   These  determinants 
seem  to  include  ones  that  are  polymorphic  and  associated  with  serologically 
defined  HLA-A  and  ^B   locus  antigens,  those  that  are  polymorphic  and  HLA 
linked  but  not  strongly  associated  with  serologically  determined  antigens, 
and  "public"  determinants  with  little  if  any  polymorphism  detected.   These 
results  suggest  that  human  T  cells  recognize  a  variety  of  self  determinants 
in  association  with  TNP  (CB-05067). 

Conditions  have  been  developed  for  in  vitro  stimulation  of  human  peripheral 
blood  leukocyte  effector  cells  cytotoxic  for  influenza  infected  target  cells 
and  for  measurement  of  effector  cell  activity  on  virus  infected  cryopreserved 
human  peripheral  blood  leukocyte  targets.   The  use  of  a  variety  of  influenza 
viruses  has  led  to  results  suggesting  human  T  cell  responses  to  influenza 
viruses  are  type-specific  and  restricted  to  recognize  self  components.   The 
cytotoxic  responses  appear  to  be  controlled  by  HLA-linked  genetic  factors 
since  effector  cells  from  certain  donors  recognize  virus  in  association  with 
some,  but  not  all,  self  HLA-A  and  _^B  antigens  (CB-05078).   Similar  studies 
with  measles  virus  have  shown  that  a  minority  subpopulation  of  human  donors 
can  generate  high  levels  of  specific  cytotoxicity  against  autologous  measles 
virus  infected  peripheral  blood  leukocytes  (CB-05089). 

The  in  vitro  generation  of  F^  anti-parent  cytotoxic  effector  cells  has  been 
studied  and  compared  to  F^  anti-parent  marrow  graft  rejection  in  vivo.   It 
has  been  demonstrated  that  (1)  the  in  vivo  rejection  process  does  not  require 
active  immunization  while  the  in  vitro  development  of  cytotoxic  effectors 
does;  (2)  marrow  graft  rejection  is  neither  caused  by  nor  dependent  upon 
thymus  derived  cells,  while  the  F]_  anti-parent  effectors  and  their  precursors 
are  T  cells;  and  (3)  injection  of  F^  mice  with  parental  spleen  cells  results 
in  the  specific  abrogation  of  F^  anti-parent  reactions  in  vitro  and  in  vivo, 
whereas  injection  of  parental  bone  marrow  is  associated  with  priming  for  F^ 
anti-parent  cytotoxicity  (CB-05049). 

The  mixed  lymphocyte  response  (MLR)  has  been  studied  as  a  model  system  of 
antigen-specific  T  cell  recognition.   It  was  found  that  T  cells  and  B  cells 
were  poor  stimulators  of  an  MLR  across  H-2  or  Mis  differences,  while  an  la 
positive,  non-T,  radiation  resistant  splenic  adherent  cell  (SAC)  population 
was  a  highly  efficient  stimulator  of  these  MLR's.   These  results  suggest  that 
la  positive  SAC  may  be  the  preferential  target  for  T  cell  recognition  in  cell 
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interaction  events.   It  has  further  been  investigated  whether  T  cells 
responding  to  Mis  determinants  recognize  such  determinants  in  the  context  of 
"self"  H-2  determinants.   Studies  employing  limiting  dilution  techniques 
suggest  that  T  cell  responses  to  Mis  involve  the  recognition  of  Mis  in 
association  with  H-2  gene  products  (CB-05087). 

The  modulation  of  immune  responses  by  regulatory  cells  is  under  investi- 
gation.  "Spontaneous"  generation  of  suppressor  T  cells  in  vitro  has  been 
characterized  and  is  apparently  the  result  of  release  from  the  regulated  in 
vivo  environment.   Mouse  strains  differ  in  their  ability  to  generate 
culture-induced  suppressor  cells  and  both  H-2  and  non-H-2  genetic  influences 
have  been  identified.   Certain  strains  do  not  demonstrate  suppressor  activity 
and  the  defect  appears  to  be  in  the  ability  to  generate  suppressor  cells 
rather  than  in  the  susceptibility  of  target  cells  to  suppression  (CB-05055). 

Studies  of  the  ontogeny  of  immune  responsiveness  in  mice  have  shown  that 
neonatal  thymus  and  spleen  cells  can  actively  suppress  immune  responses  by 
cells  from  adult  animals.   Both  T  and  non-T  cells  mediate  this  suppression 
(CB-05081).   The  intravenous  injection  of  F]_  hybrid  mice  with  parental 
spleen  cells  results  in  a  loss  in  the  ability  of  the  F]_  mice  to  generate 
T-cell  mediated  cytotoxic  responses  in  vitro  to  TNP-self  and  allo-antigens. 
This  phenomenon  is  dependent  on  a  reaction  against  F^  alloantigens  by  grafted 
parental  cells  (GVH).   Heterogeneous  populations  of  suppressor  cells  were 
found  to  be  responsible  for  loss  of  immune  potential  (CB-05088). 

Autologous  mouse  testicular  cells  activate  suppressor  T  cells  which  inhibit 
syngeneic  or  allogeneic  mixed  cell  reactions  and  cytotoxic  T  lymphocyte 
generation  in  vitro.   Injection  of  syngeneic  germ  cells  from  the  seminiferous 
tubules  inhibited  the  generation  of  a  CTL  response  against  modif ied-self 
only,  whereas  injection  of  allogeneic  testicular  cells  exclusively  inhibited 
the  response  against  the  stimulators  of  the  inoculated  haplotype,  but  not 
against  a  third-party  stimulator  (CB-05095). 


B.   STRUCTURE  AND  FUNCTION  OF  CELL  SURFACES 

Synthetic  membrane  antigens  have  been  created  and  compared  with  natural 
membrane  antigens  of  the  same  cells  in  an  attempt  to  explore  capping  and 
other  phenomena.   Lateral  diffusion  constants  for  these  synthetic 
macromolecules  have  been  determined  and  shown  to  be  typical  of  membrane 
proteins.   Addition  of  antibody  to  these  dextran  antigens  causes  patching 
and  capping  with  a  consequent  reduction  in  lateral  diffusion.   Drug 
inhibition  of  capping  of  adsorbed  molecules  on  lymphoid  cells  showed 
characteristics  similar  to  those  seen  with  capping  natural  markers  such  as 
surface  immunoglobulin  (CB-05068). 

The  binding  of  membrane  H-2  alloantigens  to  T-cell  surface  receptors  is  being 
studied  by  analyzing  the  binding  of  lymphocyte  plasma  membrane  vesicles  to 
sensitized  allogeneic  spleen  T  cells.   Specific  binding  of  membrane  vesicles 
was  observed.   Further  experiments  have  partially  purified  K^  molecules  which 
will  be  employed  to  reconstitute  vesicles  for  subsequent  studies  (CB-05091). 
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The  nature  of  cell  membrane  damage  caused  by  immunologic  mechanisms  is  under 
investigation.   Damage  caused  by  antibody  plus  complement  or  by  sensitized  T 
lymphocytes  is  associated  with  complete  loss  of  membrane  potential  and 
electrical  resistance  as  determined  by  intracellular  recording  performed  with 
microelectrodes.   Additional  information  concerning  membrane  lesions  has  been 
obtained  using  resealed  red  blood  cell  ghost  membranes.   Both  complement  and 
ADCC  effector  cells  release  markers  revealed  inside  red  cell  ghosts  with  a 
very  strong  size  dependence,  such  that  markers  below  a  defined  cut-off  size 
are  released  while  all  those  which  are  larger  are  not.   This  sieving  effect 
was  also  observed  when  the  entry  of  protein  markers  into  complement  treated 
ghosts  was  measured,  with  the  same  protein  molecular  weight  cut-off  as  was 
observed  for  marker  efflux.   Antibody  to  complement  component  C5  blocked 
marker  entry  >90%  while  anti-C3,  -C8,  and  -C9  did  not  block.   These  studies 
are  being  pursued  to  further  characterize  the  structural  components  of 
lesions  produced  in  cell  membranes  by  immune  mechanisms  (CB-05018). 

In  the  mouse,  Fc  receptors  of  B  cells  and  T  cells,  but  not  UL  cells  or 
macrophages,  appear  to  be  associated  with  la  antigens  on  the  cell  surface. 
Recent  findings  indicate  that  the  Fc  IgG  receptors  of  B  lymphocytes  interact 
with  (1)  the  lymphocyte  cytoskeleton,  (2)  la  antigens  and  Lym  antigens,  (3) 
surface  IgM,  and  (4)  surface  IgD.   Each  of  these  interactions  is  distinct, 
specific  and  non-random  (CB-05035).   These  findings  strongly  suggest  that  B 
lymphocyte  Fc  IgG  receptors  are  central  to  B  lymphocyte  activation  and 
immuno regulation.   The  interaction  of  immune  complexes  with  Fc  receptors 
have  also  been  analyzed  by  detailed  equilibrium  and  kinetic  binding  studies. 
Such  studies  have  suggested  a  mechanism  by  which  multivalent  immune  complexes 
interact  with  Fc  receptors,  emphasizing  the  effect  of  Fc  receptor  density  on 
the  affinity  with  which  a  cell  binds  multivalent  ligands  (CB-05050). 

Cell  membrane  changes  caused  by  transformation  are  studied  primarily  in  cells 
transformed  by  SV  40.   The  nature  of  the  various  antigens  appearing  as  a 
consequence  of  transformation  is  under  investigation  (CB-05526  and  CB-05544). 


C.   TRANSPLANTATION 

Studies  are  being  directed  towards  an  understanding  of  the  role  of  the 
products  of  the  major  histocompatibility  complex  in  the  cellular  interactions 
of  the  immune  response. 

A  previously  unrecognized  H-2  locus  within  the  D  region  has  been  demonstrated 
and  named  H-2L.   A  mutant  mouse,  the  BALB/c-H-2"b  has  been  studied  and  found 
to  lack  all  specificities  associated  with  the  L  molecule  (CB-05021).   The  L 
alloantigens  are  capable  of  inducing  allogeneic  cytotoxic  effector  cells  but 
they  appear  to  be  incapable  of  eliciting  syngeneic  effector  cells  specific 
for  TNP  modified  antigens,  even  though  influenza  virus  can  be  recognized  to 
be  in  association  with  products  of  the  L  locus  by  cytotoxic  T  cells  (CB-05076). 

Forty-one  stable  anti-H-2  hybridomas  have  been  produced  with  specificities 
for  H-2  or  la  antigens.   In  comparative  studies  of  la  antigens  from  several 
species,  crossreactions  have  been  detected  between  the  la  antigens  of  mice 
and  those  of  several  other  species,  including  rat,  pig,  and  human  being. 
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Most  of  these  antibodies  react  with  public  specificities  of  the  H-2  and  la 
antigens,  while  a  few  appear  to  detect  private  specificities.   Numerous 
crossreactions  have  been  detected  using  these  monoclonal  antibodies,  which 
define  a  variety  of  new  public  H-2  and  la  specificities.   In  addition,  an 
antibody  response  to  a  previously  unrecognized  H-2  antigen  has  been  found  and 
show  to  be  genetically  controlled  by  a  non-H-2  linked  locus  (CB-05021). 
Anti-idiotypic  antibodies  reactive  with  three  of  the  hybridoma  anti-H-2 
antibodies  and  with  two  of  the  hybridoma  anti-la  antibodies  have  been 
produced  and  have  been  shown  to  be  specific  by  hemagglutination  inhibition 
assays.   Assessment  of  a  variety  of  hybridoma  antibodies  and  immune  sera  for 
the  presence  of  the  anti-H-2  idiotype  specificities  has  so  far  indicated 
that  these  idiotypes  are  not  of  great  prevelance  in  the  normal  immune 
response. 

The  effect  of  monoclonal  anti-H-2  antibodies  on  the  effector  phase  of  CML 
reactions  have  been  examined.   All  anti-H-2K'<-  monoclonal  antibodies  tested 
were  found  to  block  CML  effectively,  confirming  that  serologic  specificities 
are  on  the  same  molecules  which  are  detected  by  CML  reactions. 

Three  herds  of  miniature  swine,  each  homozygous  for  a  different  set  of 
histocompatibility  antigens  at  the  major  histocompatibility  complex,  have 
been  developed.   Renal  allografts  within  one  of  the  homozygous  herds  appear 
to  survive  indefinitely  despite  minor  histocompatibility  antigenic 
differences.   However,  rejection  occurs  following  allografts  within  the 
other  two  herds,  with  variable  kidney  survival  times.   Liver  allografts  in 
outbred  swine  have  now  become  technically  successful,  and  assessment  of 
liver  grafts  in  the  partially  inbred  herds  is  being  carried  out.   Two 
intra-MHC  recombinants  have  been  obtained  and  are  being  bred  to  homozygosity. 
These  should  permit  assessment  of  the  effects  of  matching  at  different  MHC 
regions  on  the  outcome  of  transplantation  in  this  animal  model  (CB-05023). 

Cross  immunizations  between  representatives  of  the  three  herds  have  led  to 
the  production  of  antisera  apparently  directed  against  antigens  controlled  by 
the  major  histocompatibility  complex.   These  antisera  have  precipitated 
material  from  detergent  solubilized  cell  surface  preparations  and  by  both 
size  criteria  and  genetic  criteria,  the  precipitated  materials  appear  to  be 
the  precise  homologs  of  murine  H-2  and  la  antigens.   Milligram  quantities  of 
histocompatibility  antigens  have  been  prepared  from  individual  pig  spleens 
and  assessed  immunologically  in  terms  of  capacity  to  inhibit  complement 
mediated  lysis  of  pig  cells  by  anti-MHC  antisera  (CB-05023). 

Quantities  of  HLA  gene  products  as  well  as  of  human  la  like  antigens  have 
been  isolated  from  human  lymphoid  tissue  culture  cell  lines  and  partially 
purified.   In  collaboration  with  Dr.  Jack  Strorainger  (Harvard  Medical 
School),  these  materials  have  been  further  purified.   Amino  acid  sequence 
analysis  of  HLA  antigens  controlled  by  two  genes  in  the  MHC  is  nearing 
completion  and  has  demonstrated  significant  homologies  in  these  two  gene 
products.   HLA  antigens  not  found  in  linkage  disequilibrium  in  a  normal 
population  are  found  to  mark  psoriasis  and  psoriatic  arthritis.   Connective 
tissue  diseases  with  overlapping  clinical  manifestations  have  distinct 
distribution  of  HLA  alloantigens  suggesting  specific  genetic  contributions 
of  the  MHC  to  the  disease  state  (CB-05006). 
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D.   MOLECULAR  BIOLOGY 

A  project  to  determine  the  DNA  sequence  organization  of  the  genes  encoding 
the  murine  major  histocompatibility  complex  and  the  mechanisms  controlling 
the  expression  of  these  genes  has  been  initiated.   Screening  of  a  mouse 
library  with  a  specific  probe  identified  a  small  number  of  genomic  fragments 
which  might  contain  an  MHC  gene.   In  vitro  synthesis  of  histocompatibility 
and  la  antigens  has  been  achieved  by  translation  of  polyA  -RNA  in  a  cell-free 
reticulocyte  lysate  system  which  requires  the  presence  of  a  membrane  fraction 
during  synthesis  (CB-05083). 


E.   TUMOR  IMMUNOLOGY 

The  cytotoxic  cells  generated  in  vitro  by  mouse  spleen  cells  against 
syngeneic  and  methylcholanthrene-induced  tumors  is  mediated  by  large 
lymphocytes  that  are  at  least  partially  theta  positive,  but  that  lack  surface 
immunoglobulin.   Generation  of  cytotoxic  cells  in  under  non-H-2-linked 
genetic  control  (CB-05003). 

Mechanisms  for  modifying  the  development  of  syngeneic  tumor  immunity  are 
under  investigation.   Specific  T  cell-mediated  anti-tumor  immunity  to 
unmodified  tumor  cells  can  be  increased  by  the  induction  of  hapten-specif ic 
helper  (amplifier)  cells  before  immunizing  with  hapten-conjugated  tumor 
cells  (CB-05085). 

A  randomized  controlled  trial  comparing  chemotherapy  with  immunotherapy  in 
human  malignant  melanoma  is  in  progress.   The  patients  are  randomly  assigned 
to  receive  treatment  either  with  methyl  CCNU,  BCG  alone  or  BCG  plus 
allogeneic  tissue-culture-grown  vaccine.   A  fourth  group  consists  of  control 
patients  who  receive  no  further  active  treatment.   A  total  of  181  patients 
have  entered  the  trial,  and  patient  accrual  has  been  terminated.   No 
significant  differences  between  treatment  groups  have  been  detected  to  date 
(CB-05033).   Studies  of  the  peripheral  blood  lymphocytes  of  patients  in  this 
clinical  trial  indicated  that  greater  than  90%  of  those  receiving  the  cell 
vaccine  generated  cellular  and/or  humoral  immune  responses  against  one  or 
more  of  the  vaccine  cell  lines.   In  addition,  all  patients  in  the  study  had 
a  normal  capacity  for  generating  cytotoxic  cellular  responses  in  vitro  except 
for  those  patients  receiving  chemotherapy  who  showed  some  depression  in  this 
functional  capacity.   The  use  of  BCG  did  not  appear  to  increase  the  average 
in  vitro  natural  killer  or  K  cell  cytotoxic  immune  activities  (CB-05016). 


F.   FLUORESCENT  ACTIVATED  CELL  SORTER  FACILITY 

The  Immunology  Branch  continues  to  operate  a  Fluorescent  Activated  Cell  Sorter 
which  serves  as  a  resource  and  has  been  utilized  in  a  large  number  of 
collaborative  investigations.   A  dual  laser  capacity  has  recently  been  added 
to  the  cell  sorter,  increasing  its  potential  for  simultaneous  analysis  of 
multiple  fluorescent  probes  (CB-05062). 
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Project  Description 

Objectives:   This  project  has  been  directed  at  understanding  and  manipulating 
mechanisms  of  cell-mediated  immune  cytotoxicity  in  both  humans  and  mice. 
Long-range  goals  are:   (1)  to  identify  and  characterize  factors  which  in- 
fluence induction,  maturation  and  expression  of  cytotoxic  cellular  immune 
responses;  (2)  to  define  changes  in  cytotoxic  cellular  immunity  which  occur  in 
tumor  bearing  hosts;  and  (3)  to  find  means  of  manipulating  the  cytotoxic 
cellular  immune  response  for  therapeutic  purposes. 

Methods  Employed:   Cell-mediated  cytotoxicity  is  measured  in  vitro  by  release 
of  ^Cr  from  labelled  target  cells  incubated  with  lymphoid  cells  for  2-6 
hours.   Immune  cells  are  collected  from  spleen,  marrow,  lymph  node,  thymus  and 
peripheral  blood  of  sensitized  hosts.   Cells  have  been  fractionated  by  1  g 
velocity  sedimentation,  density  gradient  separation  in  Percol,  removal  of 
cells  which  ingest  iron  particles,  removal  of  cells  which  adhere  to  anti-Ig 
coated  petri  dishes  and  lysis  of  cells  by  monclonal  anti-theta  antibodies  and 
complement.   Hybridoma  cell  lines  producing  monclonal  anti-thy  1.1  and  anti- 
thy  1.2  have  been  obtained  from  the  Salk  Cell  Distribution  Center.   In  addition 
immune  cells  have  been  produced  by  in  vitro  sensitization  of  lymphoid  cells 
using  previously  established  Mishell  and  Dutton  tissue  culture  conditions  with 
the  exception  of  adding  polyinosinic  acid  and  syngeneic  mouse  serum  in  place 
of  fetal  calf  serum.   Limiting  dilution  conditions  have  also  been  used  for 
generating  clones  of  cytotoxic  cells.   Target  cells  are  provided  by  freshly 
explanted  cells,  tissue  culture  lines  and  established  tumor  cell  lines  passed 
in  vivo  or  in  vitro;  most  target  cells  function  well  if  previously  frozen  in 
liquid  nitrogen.   Target  cells  also  have  been  chemically  modified  in  order  to 
change  the  immunogenic! ty  of  cell  surface  antigens. 

Sarcomas  have  been  induced  with  methylcholanthrene  (MCA)  in  mice  from  each  of 
four  inbred  strains  (NFS,  C57BL/6N,  BALB/c,  and  DBA/2),  which  are  routinely 
screened  for  potentially  immunsuppressive  pathogens  before  admission  to  the 
colony  at  the  Frederick  Cancer  Research  Center.   Tumor  cell  lines  established 
from  these  sarcomas  are  also  screened  for  potentially  immunosuppressive 
pathogens  and  contaminating  virus-related  antigens:  mycoplasma  (culture  and 
serology)  and  a  variety  of  viruses  (serology)  including  MVM,  Sendai,  LDH  and 
LCM.   The  tumor  cell  lines  used  in  the  study  do  not  stimulate  generation  of 
anti-tumor  cytotoxic  cells  under  standard  in  vitro  conditions  for  generating 
cytotoxic  cells  against  transplantation  antigens  on  allogeneic  lymphocytes. 
Both  freshly  explanted  tumor  fragments  and  early  passaged  cell  lines  have  been 
frozen  in  liquid  nitrogen.   Several  tumor  lines  from  each  mouse  strain  have 
been  exposed  only  to  medium  supplemented  with  syngeneic  serum  rather  than 
fetal  calf  serum. 

Major  Findings:   Previous  observations  established  that  normal  mouse  spleen 
cells  cultured  for  five  days  under  fully  syngeneic  conditions  generate  anti- 
tumor cytotoxic  cells.   The  presence  of  polyinosinic  acid  was  the  only  unusual 
feature  of  the  culture  medium.   Co-culturing  the  spleen  cells  with  formalin- 
treated  syngeneic,  MCA-  induced  tumor  cells  but  not  with  syngeneic  fibroblast 
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cells  enhanced  the  generation  of  cytotoxic  cell  activity.   Both  tumor  and 
fibroblast  cell  lines  were  cultured  in  medium  supplemented  with  syngeneic 
mouse  serum.   Like  activity  caused  by  natural  killer  cells,  cytotoxicity 
generated  in  vitro  was  broadly  reactive  against  a  variety  of  different  target 
cells  and  was  partially  sensitive  to  allogeneic  anti-theta  antiserum. 

In  the  past  year  we  have  found  that  the  in  vitro  generation  of  cytotoxic 
activity  of  the  type  described  above  is  restricted  by  genetic  loci  which  are 
not  part  of  the  major  histocompatibility  complex  (MHC).   Thus  only  inbred  mouse 
strains  with  a  C57BL  background  generate  cytotoxic  cell  activity  in  vitro. 
Moreover  congenic  mice  with  a  non-C57BL  MHC  but  otherwise  C57BL  genetic  makeup 
are  responders,  whereas  mice  with  a  C57BL  MHC  but  otherwise  non-C57BL  genetic 
makeup  are  nonresponders.   Responsiveness  is  not  related  to  the  source  of 
mouse  serum  used  in  the  culture  medium;  responsiveness  clearly  correlates  with 
the  source  of  spleen  cells.   Genetic  control  of  the  response  is  dominant  or 
codominant :  spleen  cells  from  the  Fl  generation  of  responder-  non  responder 
parents  are  responders. 

The  nature  of  the  cytotoxic  cells  has  clearly  been  established  as  thymus 
derived.   Using  purified  monoclonal  anti-theta  antibodies  with  titers  10,000 
fold  greater  than  previously  used  allogeneic  anti-theta  antisera,  cytotoxic 
activity  can  be  completely  abrogated  by  treatment  of  effector  cells  with 
monoclonal  anti-theta  antibodies  and  complement. 

The  broad  reactivity  of  the  cytotoxic  cells  generated  in  vitro  in  the  fully 
syngeneic  environment  has  been  further  substantiated.   Tissue  culture  lines 
from  four  separate  MCA  induced  C57 BL6N  tumors  have  been  adapted  to  growth  in 
medium  supplemented  C57BL6N  serum.   Cross  sensitization  and  effector  stage 
testing  with  these  tumors  shows  no  preference  of  cytotoxic  cells  for  the 
"sensitizing"  tumor  line.   Moreover  preadsorption  of  cytotoxic  cells  with 
tumor  cells  shows  no  indication  of  cytotoxic  cell  clones  with  preferential 
tumor  cell  reactivity.   Plans  to  use  limiting  dilution  assays  to  look  for 
cytotoxic  cell  clones  with  "tumor  specific"  reactivity  were  delayed  by  the 
finding  that  the  traditional  inactive  filler  cells  for  limiting  dilution  assays, 
spleen  cells  from  nude  mice,  are  highly  active  in  our  system.   However, 
recent  findings  that  T-cell  growth  factor  provides  a  satisfactory  "filler"  for 
limiting  dilution  assays  in  the  syngeneic   culture  system  will  allow  this 
effort  to  proceed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
anti-tumor  cytotoxic  activity  reported  here,  which  is  generated  spontaneously 
by  spleen  cells  in  vitro  and  more  so  with  syngeneic  tumor  cells  as  "immunogen," 
has  many  similarities  with  the  activity  of  natural  killer  cells:  the  broad 
scope  of  target  cell  reactivity  and  effector  cell  characteristics  of  thymus 
derived  lymphocytes.   The  fact  that  such  activity  can  be  generated  in  a  fully 
syngeneic  system  obviates  any  concern  about  the  widely  reported  role  of 
foreign  serum  proteins  in  generating  similar  activity.   Thus,  this  model  could 
provide  a  basis  for  investigating  factors  which  influence  the  generation  of 
natural  killer-like  activity,  which  has  attracted  interest  as  a  possible 
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natural  anti-tumor  immune  surveillance  mechanism.  Genetic  control  of  this 
response  is  of  particular  interest  because  it  is  not  related  to  the  immune 
response  genes  of  the  major  histocompatibility  complex. 

Proposed  Course  of  Project:   The  range  of  target  cells  specificities 
associated  with  cytotoxic  cell  activity  generated  in  this  effort  will  be 
studied  by  limiting  dilution  analysis  coupled  with  clonal  expansion  by  T-cell 
growth  factor.   Appropriate  clones  will  be  tested  for  activity  both  in  vivo  and 
in  vitro.   Genetic  control  of  the  cytotoxic  cell  response  will  be  further 
evaluated  by  analysis  of  standard  back,  cross  mice  and  testing  of  Bailey's 
marker  strain  congenic  mice. 
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(MHC)  are  under  investigation.   HLA  typing  of  disease  groups  and  families 
wherein  several  members  are  diseased  has  demonstrated  a  complex  association 
of  the  MHC  to  the  disease  condition.   Antigens  not  found  in  linkage  disequi- 
librium in  a  normal  population  are  found  to  mark  psoriasis  and  psoriatic 
arthritis.   Connective  tissue  diseases  with  overlapping  clinical  manifestations 
have  distinct  distribution  of  HLA  alloantigens  suggesting  specific  genetic 
contributions  of  the  MHC  to  the  disease  state.   Alloantisera  detecting  murine 
la  antigens  cross  react  with  human  B  lymphocyte  and  monocyte  antigens  (HLA-Dr) 
Human  alloantisera  detecting  HLA-DRw  antigens  precipitate  combinations  of 
molecules  of  4  different  molecular  weights.   These  antisera  when  reacted  with 
monocytes  induce  specific  T  cell  suppression  of  immunoglobulin  synthesis  and 
antigen  stimulation.   Monoclonal  antibodies  to  lymphocyte  cell  surface  antigens; 
appear  to  identify  functional  subsets  of  T  lymphocytes. 
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Project  Description 

Objectives:   The  objectives  of  these  studies  are  as  follows:   a)  To  identify 
genes  in  the  major  histocompatibility  complex  which  have  an  association  with 
disease  states;  b)  to  identify  potential  immune  response  genes  in  man;  c)  to 
assess  the  biologic  function  of  different  cell  surface  structures  in  re- 
lationship to  immune  function  of  lymphocytes;  d)  to  isolate  and  purify  gene 
products  of  the  major  histocompatibility  complex  for  structural  analysis;  and 
e)  to  identify  lymphocyte  cell  surface  markers  using  monoclonal  antibodies 
which  react  with  functional  subsets  of  lymphocytes. 

Methods  Employed:   Gene  products  of  the  major  histocompatibility  complex  are 
identified  by  dye  exclusion  cytotoxicity  tests.   In  order  to  assess  the 
presence  of  these  antigens,  subpopulations  of  cells  were  isolated  as  follows: 
monocytes  are  recovered  after  adherence  to  a  glass  surface  using  an  EDTA 
reagent.   The  non-adherent  cells  are  then  plated  on  plastic  surfaces  previously 
coated  with  an  antiserum  to  the  F(ab)  component  of  Ig.   This  technique  isolates 
the  immunoglobulin  bearing  B  lymphocyte.   These  cells  are  removed  by 
competition  with  human  Ig.   The  remaining  cell  population  is  considered  the  T 
cell  population  and  is  then  used  for  cell  surface  antigen  identification  or 
recombined  with  the  other  subpopulations  of  lymphocytes  isolated  by  the  above 
procedures  for  biologic  study.   The  frequency  of  HLA  alloantigens  in  a  disease 
population  are  compared  with  frequencies  in  a  normal  population  and/or  related 
disease  population  by  Chi  square  analysis.   Antigen  associations  were  deter- 
mined by  comparing  frequencies  of  antigens  occurring  together  in  the  disease 
population  and  compared  with  the  association  of  these  antigens  in  a  normal 
population.   Related  disease  groups  were  compared  in  a  comparable  fashion.   In 
family  studies  haplotype  association  with  the  disease  was  determined  by  lode 
score  analysis. 

Mono  and  oligosaccharides  were  incubated  with  monocytes  isolated  from 
peripheral  blood  as  described  above.   Anti  human  B  cell  sera  are  added  and  the 
level  of  cytotoxicity  determined. 

The  generation  of  suppressor  cell  function  using  anti-B  cell  sera  and  mono- 
cytes was  performed  as  follows.   Isolated  monocytes  were  exposed  to  antigen 
(SKSD,  Candida  tetanus  toxoid)  washed  and  then  reacted  with  the  antisera.   In 
other  studies,  monocytes  were  treated  separately  and  then  incubated  with 
autologous  or  allogeneic  T  lymphocytes.   Tritiated  thymidine  incorporation  was 
measured  after  5  days.   To  measure  the  suppression  of  Ig  synthesis,  hetero 
anti-B  cell  serum  was  incubated  with  peripheral  blood  lymphocytes  and  the 
cultures  stimulated  with  the  mitogen  pokeweed.   Levels  of  IgG,  IgA  and  IgM  in 
supernatants  from  these  cultures  were  measured  by  a  radioimmunoassay. 

The  interaction  of  the  various  cell  populations  in  allogeneic  mixed  lympho- 
cyte reaction  employs  the  standard  techniques  of  lymphocyte  culture  using 
tritiated  thymidine  incorporation  as  a  measure  of  response.   Cell  surface 
antigens  have  also  been  investigated  employing  flow  microfluorometry  using  the 
fluorescence  activated  cell  sorter.   Lymphocytes  or  subpopulations  thereof 
were  isolated  as  described  above  for  analysis.   Monoclonal  antisera  products 
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of  genes  of  the  major  histocompatibility  complex  are  incubated  with  the  cell 
populations,  the  cells  washed  and  a  fluorescinated  goat  anti-mouse  K  chain 
preparation  used  to  identify  the  reaction  of  the  antibody  to  the  cell  surface. 
Monoclonal  antisera  were  also  directly  labeled  with  fluorescien  and  incubated 
with  lymphocytes  or  subpopulations  thereof.   After  extensive  washing,  the 
cells  are  analysed  with  the  fluorescence  activated  cell  sorter.   Studies  of 
the  molecular  characteristics  of  human  B  cell  alloantigens  were  performed  by 
labelling  cell  membrane  components  with  tritiated  amino  acids.   The  cell 
membrane  components  were  solubilized  with  non-ionic  detergents  and  purified  by 
gel  filtration  chromatography  and  Conavalin  A  lectin  column  purification. 
After  elution  of  the  adhered  antigen  with  alpha-methylmannose  appropriate 
anti-DRw  (or  anti-human  la  antisera)  as  well  as  control  sera  were  incubated 
with  the  isolated  material  and  the  antigen-antibody  complexes  precipitated 
with  the  Cowan  strain  Staph,  aureus  organism.   The  antigen  antibody  complexes 
were  dissociated  with  sodium  dodecyl  sulfate  in  the  presence  of  the  reducing 
substance  mercaptoethanol.   These  dissociated  materials  were  electrophoresed 
on  polyacrylamide  gels  containing  sodium  dodecyl  sulfate.   Gel  slices  were 
counted  in  a  liquid  scintillation  counter  and  the  migration  of  the  isolated 
labelled  proteins  assessed.   In  some  instances  sequential  precipitations  with 
the  anti-DRw  sera  or  anti-la  sera  were  performed.   In  other  studies, 
combinations  of  antisera  were  used  in  precipitation  analysis. 

Major  Findings:   HLA-B ,  C  and  DRw  antigen  determinations  are  being  performed 
in  a  normal  population  and  in  a  variety  of  disease  conditions.   These  studies 
are  carried  out  in  part  in  this  laboratory  and  supported  by  an  NCI  contract 
N01-CB-53890  to  Duke  University.   The  major  observations  are  as  follows: 
disease  classified  as  connective  tissue  disorders  show  distinct  HLA  allo- 
antigen  profiles.   Systemic  lupus  erythematosis  (SLE)  patients  demonstrated 
elevations  of  HLA-DRw  2  and  3  antigens.   Patients  with  mixed  connective 
tissue  disease,  commonly  classified  as  a  form  of  SLE  had  elevation  of  DRwl 
and  decrease  in  DRw  3  and  DRw7.   Patients  with  sleroderma  demonstrated 
increases  in  DRw4  and  6  and  decrease  in  DRw2  and  3.   Rheumatoid  arthritis 
patients  (adult  onset)  demonstrated  elevation  in  DRw4  while  those  with  juvenile 
onset  showed  elevated  DRw2 .   In  analysis  of  data  obtained  from  HLA  typing 
patients  with  psoriasis  (Ps)  or  psoriatic  arthritis  (PsA)  the  following  was 
observed.   One  antisera,  Ia744,  reacted  with  B  lymphocytes  from  68%  of  patients 
with  Ps  and  72%  of  PsA.   This  serum  has  a  positive  condition  with  DRw4  in  the 
normal  population,  an  antigen  decreased  in  frequency  in  the  Ps  patients  but 
elevated  in  PsA  patients.   The  combination  of  A26-B38,  Cw6 ,  DRw4  and  7  and 
Ia744  was  increased  in  frequency  in  the  PsA  patient  compared  to  Ps  patients 
and  normals.   HLA-A1,  B17,  Cw6,  DRw7  and  Ia744  antigens  were  found  in 
combination  in  greater  frequency  in  Ps  patients  than  in  PsA  or  normals. 

Inhibition  of  monocyte  function  has  been  observed  with  simple  and  complex 
sugars  in  other  laboratories.   In  order  to  determine  if  DRw  or  HLA  alloantigens 
were  involved  inhibition  of  DRw  and  HLA  alloantisera  with  oligo  and  poly- 
saccharides was  undertaken.   Patterns  of  inhibition  with  different  sugars  were 
observed  and  appear  to  be  dependent  on  the  DRw  antigenic  determinants  on  mono- 
cytes.  The  studies  demonstrated  that  the  inhibition  observed  was  not  due  to 
antibody  directed  at  carbohydrate  markers  on  the  DRw  antigens  but  that  the 
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sugars  interfered  with  the  binding  of  the  antibody  at  the  cell  membrane.   HLA 
alloantisera  were  not  inhibited  by  the  carbohydrates  used.   Hetero  and  allo- 
antisera  detecting  DRw  antigens  were  found  to  induce  suppressor  T  cell  function 
when  incubated  with  monocytes.   The  induction  of  a  suppressor  cell  was 
demonstrated  in  that  irradiation  of  the  T  cell  population  reversed  the 
suppression.   In  addition  T  cells  isolated  by  rosetting  techniques  after  24 
hours  of  incubation  with  monocytes  exposed  to  anti  DRw  sera  were  capable  of 
specific  induction  of  suppression.   The  suppression  appears  to  be  relatively 
antigen  specific  in  that  monocytes  pulsed  with  antigen  and  with  heterosera 
appear  to  be  more  effective  in  induction  of  suppression  to  the  antigen  used 
compared  to  a  2nd  antigen. 

The  role  of  the  monocytes  in  a  mixed  lymphocyte  reaction  was  studied.   The 
presence  of  monocytes  was  demonstrated  to  be  required  in  either  the  stimulating 
or  responding  cell  population  in  order  for  stimulation  to  be  observed.   In 
these  studies  antisera  directed  to  the  DRw  antigens  on  the  monocytes  of  the 
responding  population  were  observed  to  inhibit  the  MLR.   This  inhibition  was 
demonstrated  to  be  due  to  the  induction  of  suppression  by  these  monocytes  in 
the  autologous  cell  population. 

Alloantisera  detecting  murine  la  alloantigens  were  found  to  react  in  cyto- 
toxicity studies  with  human  B  cells  and  monocytes.   Imraunoprecipitation 
analysis  demonstrated  this  reaction  to  be  directed  at  a  bimolecular  weight 
component  on  the  B  cells  and  monocytes  with  similar  if  not  identical  molecular 
weights  as  that  precipitated  by  the  human  alio  and  heteroserum  detecting  DRw 
antigens.   These  studies  demonstrated  that  the  murine  la  and  human  DRw  antigens 
are  homologues. 

Monoclonal  antibody  was  preduced  by  the  immunization  of  BALB/c  mice  with  the 
human  HSB-2-lymphoid  T  cell  line.   The  spleen  cells  were  fused  with  the 
P3X63/Ag8  BALB/c  myeloma  cell  line.   Antibody  from  these  cell  lines  have  been 
isolated  by  ammonium  sulfate  precipitation  and  isoelectric  focusing.   The 
antibody  was  labeled  with  fluorescein  or  tested  in  a  sandwich  technique  using 
goat  anti  mouse  k  chain  reagent.   Six  antibodies  have  been  well  character- 
ized.  3A1  antibody  reacts  with  85%  of  peripheral  blood  T  lymphocytes  and 
precipitates  a  40,000  dalton  molecular  weight  molecule  from  the  T  cell  membrane. 
The  4F2  antibody  reacts  with  monocytes  and  thymocytes  and  with  less  than  5%  of 
the  T  cells  and  precipitates  an  8,000  dalton  component.   The  7E6  antibody 
detects  an  antigen  on  B  cells  and  15%  of  the  T  cell  population.   Three  anti- 
bodies precipitate  molecules  of  44,000  and  12,000  daltons  and  are  thought  to 
react  with  HLA. A,  B  and  C  like  antigens  in  that  these  sera  react  with  all 
peripheral  blood  lymphocytes.   However  cold  inhibition  studies  with  these 
antibodies  demonstrate  lack  of  cross  blocking  of  antibody  indicating  that  they 
are  not  reacting  with  the  same  determinants  on  the  molecule. 

Immunoprecipitation  studies  with  alloantisera  detecting  B  cell  alloantigens 
demonstrate  a  complex  series  of  molecular  components  depending  on  the  cell 
of  origin  and  antisera  used.   Hetero  anti-B  cell  sera  precipitate  detergent 
solubilized  components  having  molecular  weights  of  34,000,  31,000,  28,000  and 
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27,000  daltons.   AlloanCisera  detecting  different  DRw  antigens  and  antigens  of 
cross  reacting  groups  precipitate  combinations  consisting  of  2  or  3  of  the 
above  molecules.   The  results  are  consistant  with  the  interpretation  that 
multiple  genes  control  the  expression  of  the  B  lymphocyte  alloantigens . 

Significance  to  Biomedical  Research  and  Program  of  the  Institute:   Human 
B  lymphocyte  alloantigens  appear  to  be  analogous  to  the  B  cell  alloantigenic 
system  in  mice.   Genes  controlling  these  antigens  in  mice  appear  to  be  linked 
to  or  associated  with  the  ability  of  the  animal  to  respond  to  particular 
antigens.   Identification  of  human  alloantigens  together  with  a  description  of 
the  fine  structure  of  the  genetic  complex  is  necessary  for  the  understanding 
of  the  relationship  of  the  MHC  to  disease  states.   Our  studies  of  the  various 
disease  entities  described  above  suggest  that  the  presence  of  a  specific  DRw 
alloantigens  or  human  la-like  alloantigen  are  associated  with  the  disease 
entity  or  a  manifestation  of  the  disease.   Studies  in  the  diabetic  population 
where  specific  allergic  manifestations  to  insulin  or  insulin  components  have 
been  identified,  strongly  indicate  the  presence  of  a  specific  immune  response 
gene  in  man. 

Monocytes  express  DRw  alloantigens  and  appear  important  in  the  initiation  of 
the  immune  response.   Our  studies  demonstrating  relative  specificity  of  binding 
of  certain  mono  and  oligosaccharides  to  monocyte  cell  surfaces  suggest  a 
possible  role  in  recognition  of  carbohydrate  antigens  by  these  cell  membrane 
components.   Antisera  when  reacted  with  antigens  on  monocyte  cell  surfaces  are 
together  a  potent  signal  for  activation  of  suppressor  cells.   The  biologic 
relevance  of  this  observation  relates  to  the  control  of  the  immune  response  as 
a  feedback  mechanism.   Many  tumors  possess  la  like  antigens.   If  auto  anti- 
bodies directed  at  such  determinants  are  produced,  the  mechanism  of  suppression 
as  described  above  may  be  responsible  for  the  lack  of  an  immune  response  to 
the  tumor  cells. 

Monoclonal  antibodies  to  determinants  of  a  subset  of  lymphocytes  are  potential 
tools  in  isolation  of  functional  subsets  of  lymphocytes  and  the  study  of  inter- 
action of  lymphocyte  populations  in  the  immune  response.   Once  characterized, 
these  antisera  may  be  used  in  the  identification  of  alteration  of  lymphocyte 
subpopulations  in  the  disease  states.   One  antibody  under  study  has 
demonstrated  reactivity  against  peripheral  blood  cells  of  patients  with  Sezary 
syndrome  and  not  reactive  with  T  cells  from  normal  individuals.   These  sera 
can  thus  potentially  be  used  to  identify  malignant  cells  for  diagnostic  or 
therapeutic  procedures. 

Studies  of  molecular  components  reacting  with  antisera  detecting  B  cell  and 
monocyte  antigens  gives  insight  into  the  possible  role  of  these  cell  membrane 
structures  in  immune  response.   Our  observation  that  alloantisera  reacting 
with  these  antigens  precipitates  different  size  molecules  depending  on  the 
cell  source  suggest  that  recombination  of  several  molecules  on  the  cell  surface 
can  occur.   Such  rearrangements  may  have  important  influences  on  cell-cell 
interactions . 
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Proposed  Course  of  Project:   Studies  in  the  various  disease  entities  mentioned 
above  will  be  continued.   The  studies  are  now  and  will  be  directed  primarily 
at  family  studies  particularly  those  wherein  more  than  one  member  has  a  disease 
condition.   The  goal  is  to  determine  the  potential  for  cooperative  gene  effects 
in  the  role  of  the  pathogenesis  of  the  disease.   A  continuation  of  the  analysis 
of  the  large  amount  of  data  generated  from  the  study  of  diabetics  with  insulin 
allergies  will  be  continued.   Over  300  individuals  of  the  Pima  Indian  tribe 
with  diabetes  have  been  HLA  typed.   These  data  will  be  analysed  in  order  to 
determine  the  relationship  of  diabetes  to  the  MHC.   Family  studies  are  underway 
to  determine  the  association  of  the  gene  for  the  carrier  state  of  21- 
hydroxylase  deficiency  and  the  MHC.   Studies  will  continue  in  attempts  to 
demonstrate  biologic  function  of  human  la  antigens.   The  role  of  these  anti- 
genic determinants  in  cell/cell  cooperation  will  be  studied.   The  genetics  of 
the  induction  of  suppression  with  antisera  to  DRw  antigens  and  monocytes  will 
be  undertaken.   In  order  to  obviate  difficulties  in  data  interpretation, 
suppressor  T  cells  induced  by  the  above  mechanism  will  be  used.   In  addition 
preliminary  results  indicate  that  a  soluble  factor  mediates  the  induction  of 
suppression.   This  factor  will  be  used  to  study  genetic  as  well  as  antigen 
restriction. 

Further  characterization  of  the  monoclonal  antibodies  will  be  undertaken. 
Analysis  of  the  lymphocyte  population  bearing  these  antigens  and  the 
functional  capabilities  of  this  population  will  be  investigated.   Lymphocytes 
from  a  variety  of  disease  states  particularly  lymphoid  malignancies  will  be 
analyzed  with  these  sera.   If  the  antisera  detect  specific  functional  subsets 
of  T  cells,  the  antisera  will  be  used  to  investigate  potential  differences  in 
function  of  the  subset  in  disease  and  normal  individuals. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Additional  data  analyses  confirm  that  (1)  greater  than  90%  of  melanoma 
patients  receiving  melanoma  vaccine  generated  cellular  and/or  humoral  immune 
responses  against  one  or  more  of  the  vaccine  cell  lines;  (2)  PBL  from 


melanoma  patients  who  remain  in  remission  (except  for  those  receiving 
chemotherapy)  had  a  normal  capacity  for  generating  cytotoxic  cellular  immune 
responses  in  vitro,  and  to  this  extent  were  not  immunosuppressed;  (3)  treat- 
ment of  melanoma  patients  with  a  nonspecific  immunostimulant  (BCG)  did  not 
increase  the  average  natural  killer  cell  or  K  cell  (ADCC  effector)  cytotoxic 
immune  activity;  and  (4)  primary  in  vitro  cytotoxic  cell  responses  against 
vaccine  cell  lines  were  impeded  a  few  months  before  clinically  detectable 
relapse. 
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Project  Description 

Objectives:   The  objectives  of  this  project  have  been  to  carry  out  in  vitro 
tests  for  cytotoxic  humoral  and  cellular  immunity  to  determine  1)  if  patients 
respond  immunologically  to  the  melanoma  vaccine  and  2)  if  immunologic 
responsiveness  correlates  with  disease  progression.   Patients  being  tested 
are  associated  with  an  NCI  melanoma  immunotherapy  protocol. 

Methods  Employed:   1)   Direct,  Cell-Mediated  Cytotoxicity:   Cytotoxicity  is 
measured  by  the  release  of  ^J-Cr  from  labelled  target  cells  incubated  over- 
night with  immune  cells.   Target  cells  are  prepared  from  vaccine  melanoma 
cell  lines  maintained  in  tissue  culture.   Normal  and  immune  lymphoid 
attacking  cells  are  prepared  from  human  peripheral  blood.   Peripheral  blood 
cells  are  purified  by  centrifugation  with  Ficoll-Hypaque.   Studies  of 
multiply  transfused  humans  have  shown  that  cytotoxicity  in  this  assay  is 
specific  for  direct  cell-mediated  reactions  and  independent  of  conventional 
complement,  humor  antibody,  and  nonspecific  toxins. 

2)  Lymphocyte  Dependent  Antibody  (LDA)  Mediated  Cytotoxicity.   This 
cytotoxic  pathway  is  also  measured  by  a  chromium  release  assay.   After 
5-*-Cr  labelling  melanoma  target  cells  are  washed  by  centrifugation  and  then 
incubated  for  1/2  hour  with  heat-inactivated  serum  or  plasma  containing  LDA. 
Target  cells  are  again  washed  and  then  incubated  with  nonsensitized  attacking 
lymphoid  cells  from  normal  donors  for  4  hours. 

3)  K  Cell  Activity.   This  test  is  basically  carried  out  as  an  LDA 
mediated  cytotoxicity  assay.   Known  LDA-containing,  poly  specific  antisera 
from  multi-transfused  donors  are  used  as  sources  of  LDA,  and  peripheral 
blood  lymphoid  cells  from  melanoma  patients  are  used  as  effector  cells.   By 
titering  the  dose  of  effector  cells,  K  cell  activity  (i.e.,  which  will  elicit 
LDA  mediated  cytotoxicity)  from  patients'  cells  can  be  compared  with  the 
counterpart  from  normal  donors'  cells. 

4)  Complement-Dependent,  Antibody-Mediated  Cytotoxicity.   The 
complement  assay  is  a  two-stage,  ■3j-Cr-microcytotoxicity  test  utilizing 
rabbit  complement  and  vaccine  melanoma  cell  lines. 

5)  Natural  Killer  Cell  Activity.   Cytotoxicity  is  measured  against  an 
allogeneic  ->J-Cr  labelled  target  cell,  K562,  known  to  be  a  sensitive  indicator 
for  natural  killer  cell  activity.   The  assay  runs  6  hours  and  utilizes 
Ficoll-Hypaque  purified  peripheral  blood  lymphocytes. 

6)  Cytotoxic  Cellular  Memory.   Ficoll-Hypaque  purified  peripheral  blood 
lymphoid  cells  are  mixed  with  x-irradiated  or  mitomycin  C  treated  allogeneic 
cells  in  medium  with  AB  positive  human  serum.   After  3  days  co-incubation  in 
vitro,  cells  are  harvested,  adjusted  to  a  known  viable  cell  concentration, 
and  tested  for  cytotoxic  activity  against  ^lcr-labelled  target  cells  in  an 
over  night  direct  cell-mediated  cytotoxicity  assay  (see  above).   As  in  all 

of  the  cell-mediated  assays,  panels  of  target  cells  are  used  to  assess 
specificity  of  the  cytotoxic  reactions. 
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Major  Findings:   The  following  findings  were  established  prior  to  September 
1979  and  are  reiterated  here.   The  project  is  being  held  "open"  until  final 
manuscripts  are  in  press.   As  of  December  1978,  130  melanoma  patients  were 
tested  for  humoral  and  cellular  activity  against  one  or  more  of  the  vaccine 
cell  lines.   Thirty  of  thirty-five  patients  who  received  the  melanoma  vaccine 
showed  significant  cellular  immune  cytotoxic  activity  against  at  least  one 
of  the  vaccine  cell  lines.   Only  two  of  these  patients  had  significant 
activity  before  initiation  of  therapy.   The  time  course  of  the  cytotoxic 
cell  response  was  unique  for  each  individual  beginning  as  soon  as  two  weeks 
after  initiation  of  therapy  and  continuing  in  an  oscillating  pattern  in  many 
patients  throughout  therapy.   Since  levels  of  activity  oscillated,  with  no 
significant  activity  at  times,  identification  of  a  "responding"  patient  was 
facilitated  by  use  of  higher  order  statistics  for  analyzing  peak  levels  of 
activity  rather  than  simply  averaging  all  levels  of  activity.   Previously, 
we  had  noted  declines  in  activity  associated  with  disease  relapse  in  the 
patients  receiving  vaccine.   Multifactorial  analysis  reveals  that  these 
declines  are  not  significantly  associated  with  disease  progression;  other 
variables  can  account  for  the  reduced  activity.   The  magnitude  of  the  cyto- 
toxic cell  response  correlated  with  one  technical  aspect  of  the  assay,  namely 
the  time  lapsed  between  drawing  of  the  blood  specimen  and  the  isolation  of 
leukocytes.   The  activity  decreased  with  the  lapsed  time.   Considering  the 
group  of  100  patients  on  the  protocol  who  did  not  receive  the  melanoma 
vaccine,  there  was  no  stimulating  effect  of  other  forms  of  therapy  (BCG, 
chemotherapy,  or  surgery  alone)  on  cellular  immune  cytotoxicity.   Cytotoxic 
cellular  memory,  as  evidenced  by  in  vitro  antigen-stimulated  development  of 
cytotoxic  activity  against  vaccine  cell  lines,  was  also  evaluated.   Half  of 
approximately  30  patients  receiving  vaccine  therapy  showed  memory  activity 
at  some  stage  of  treatment.   Such  memory  activity  was  undetectable  in  each 
of  80  patients  not  receiving  vaccine.   Tests  for  the  ability  of  PBL  to 
generate  primary  cellular  immune  responses  in  vitro  have  demonstrated  that 
the  average  response  of  cells  from  patients  tested  within  a  few  months  of 
the  time  of  relapse  (approximately  40  patients)  appears  to  be  lower  than  the 
average  response  of  cells  from  normal  donors  and  patients  who  remain  in 
remission.   An  exception  is  those  patients  receiving  chemotherapy, 
approximately  25,  whose  average  response  is  clearly  suppressed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   In 
vitro  cytotoxicity  tests  are  being  used  to  assess  the  effectiveness  of 
immunotherapy  for  melanoma  patients.   These  tests  help  determine  1)  if 
patients  are  immunosuppressed;  2)  if  the  level  of  immunosuppression 
correlates  with  disease  progression;  3)  if  a  vaccine  preparation  is  defective 
as  indicated  by  failure  to  stimulate  responses  in  any  patient;  and  4)  if  the 
vaccine  has  provided  non-specific  immunostimulation. 

Proposed  Course  of  the  Project:   One  professional  level  person  will  continue 
part-time  to  assemble  formal  reports  of  the  projects  for  publication. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

As  reported  previously,  both  complement  and  ADCC  effector  cells  release  markers 
resealed  inside  red  cell  ghosts  with  a  very  strong  size  dependence,  such  that 
markers  below  a  defined  cut-off  size  are  released  while  all  those  which  are 
larger  are  not.   This  sieving  effect  was  also  observed  when  the  entry  of 
protein  markers  into  complement  treated  ghosts  was  measured,  with  the  same 
protein  molecular  weight  cut-off  as  was  observed  for  marker  efflux.   The 
possibility  of  inhibiting  the  passage  of  molecules  through  the  pore  by  blocking 
with  anti-complement  component  antibodies  was  then  tested.   Anti-C3,  -C5,  -C8, 
and  -C9  were  tested.   Anti-C5  blocked  marker  entry  >90%  at  dilutions  to  1/1000. 
None  of  the  other  antisera  blocked  at  1/10.   Anti  C5  did  not  block  passage  of 
markers  through  pores  created  by  detergent.   This  approach  is  currently 
being  extended  to  ADCC  pores. 
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Project  Description 

Objectives :   Our  overall  objective  is  to  define  the  mechanisms  by  which 
lymphocytes  destroy  foreign  cells.   To  this  end  we  have  dissected  the  killing 
process  into  discrete  steps  which  can  be  studied  independently.   In  this 
project  we  have  concentrated  on  the  membrane  lesion  induced  by  lymphocytes 
in  the  target  cell.   Based  on  previous  work  by  us  and  others,  we  hypothesize 
that  killer  lymphocytes  implant  "ionophoric"  molecules  into  the  target  cell 
membrane,  making  the  membranes  leaky  to  ions  and  leading  to  colloid  osmotic 
lysis.   This  is  analogous  to  the  mechanism  of  complement  lysis,  which  we  are 
studying  as  a  model  for  the  lymphocyte  damage.   This  project  seeks 
experimental  support  of  this  hypothesis  by  examining  target  membrane  damage 
by  electrical  measurements  and  by  chemical  studies  of  permeability. 

Methods  Employed:  TNP  modified  erythrocyte  ghosts  are  prepared  and  resealed 
with  a  mixture  of  carboxyfluorescein  and  rhodamine  modified  protein  inside. 
The  release  of  these  two  fluorescent  markers  are  followed  by  fluorometry  of 
the  supernatant  and  by  fluorescent  microscopy  of  the  ghosts.   We  have  studied 
the  size  dependence  of  marker  release  mediated  by  anti-TNP  and  complement, 
anti-TNP  and  human  peripheral  blood  lymphocytes  as  well  as  by  detergents, 
lytic  antibiotics  and  other  compounds.   In  addition  to  measuring  marker 
release  from  ghosts,  marker  entry  complement  treated  ghosts  was  measured  by 
resealing  anti  Ars  (hapten)  and  carboxyfluorescein  inside  ghosts.   After 
adding  anti-TNP  and  complement,  the  ghosts  were  washed  and  exposed  to 
protein  markers  modified  with  Ars  and  rhodamine.   After  incubation  and 
washing  the  marker  taken  up  wy  the  ghosts  was  determined  with  a  fluorometer. 
Anti-complement  component  antibodies  were  tested  for  their  ability  to  block 
the  pore  by  addition  after  complement  treatment  and  washing;  ghosts  were 
incubated  with  sera,  washed  and  hapten  and  rhodamine  modified  markers 
added  as  described  above. 

Major  Findings:   As  reported  previously,  both  complement  and  ADCC  effector 
cells  release  markers  resealed  inside  ghosts  with  a  very  strong  size 
dependence,  such  that  markers  below  a  defined  cut-off  size  are  released 
while  all  those  which  are  larger  are  not.   This  sieving  effect  was  also 
observed  when  the  entry  of  protein  markers  into  complement  treated  ghosts 
was  measured,  with  the  same  protein  molecular  weight  cut-off  as  was  observed 
for  marker  efflux.   The  possibility  of  inhibiting  the  passage  of  molecules 
through  the  pore  by  blocking  with  anti-complement  component  antibodies  was 
then  tested.   Anti-C3,  -C5,  -C8,  and  -C9  were  tested.   Anti-C5  blocked  marker 
entry  >90%  at  dilutions  to  1/1000.   None  of  the  other  antisera  blocked  at 
1/10.   Anti  C5  did  not  block  passage  of  markers  through  pores  created  by 
detergent 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
process  of  lymphocyte  destruction  of  foreign  cells  may  be  one  of  the  most 
important  mechanisms  for  the  immunological  rejection  of  allografts  and 
tumors  in  vivo.   Studies  such  as  ours  of  the  details  of  this  process  can 
be  carried  out  in  vitro  and  studied  at  the  cellular  and  molecular  level. 
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Such  studies  are  needed  to  complete  our  basic  knowledge  of  the  details 
of  this  important  immunological  defense  process.   Our  studies  have  clearly- 
shown  that  the  target  cell  membrane  is  probably  the  primary  target  of 
killer  lymphocyte  attack,  and  the  present  studies  have  enabled  us  to 
clarify  the  nature  of  the  membrane  lesion  by  rigorous  methods.   Our  recent 
results  reinforce  the  concept  that  cell  mediated  killing  acts  by  implanting 
a  discrete  pore  in  the  target  membrane  and  thus  is  parallel  to  the  mechanism 
of  complement  mediated  killing. 

Proposed  Course  of  Project:   The  approach  of  blocking  marker  entry  into 
complement  pores  has  led  us  to  design  parallel  experiments  with  the  ADCC 
pore.   These  experiments  are  currently  underway.   We  are  also  attempting 
to  see  if  limiting  complement  components  8  and  9  can  cause  a  smaller 
complement  pore  to  form.   We  are  also  setting  up  an  experiment  to  test 
whether  or  not  killer  T  lymphocytes  can  cause  ionic  conductance  increases 
in  black  lipid  membranes. 

Publications 

Simone,  CB.  and  Henkart,  P. A.:   Permeability  changes  induced  in 
erythrocyte  ghost  targets  by  antibody-dependent  cytotoxic  effector 
cells:   evidence  for  membrane  pores.   J.  Immunol.  124:   954-963,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  are  being  directed  toward  understanding  the  major  histocompatibility 
complex,  the  structure  and  function  of  the  products  of  this  complex,  and 
manipulations  of  immune  responses  to  these  products.   Current  studies  include: 
1)  Characterization  of  major  histocompatibility  antigens:   Congenic  resistant 
strains  of  mice  are  developed,  maintained,  and  used  in  serologic  and  immuno- 
chemical analyses  of  the  MHC  products  of  the  mouse;  2)  Studies  of  monoclonal 
antibodies  to  H-2  and  la  antigens:   Hybridoma  cell  lines  are  produced  by  fusion 
of  immune  mouse  spleen  cells  with  mouse  myeloma  cells.   The  monoclonal  anti-H-2 


and  anti-la  antibodies  produced  by  these  hybridomas  are  analyzed  by  serologic 


and  immunochemical  means  and  are  used  to  further  characterize  the  fine  struc- 
ture of  the  MHC;  3)  Characterization  of  receptor  sites  for  histocompatibility 
antigens:   Anti-idiotypic  antisera  are  being  produced  against  anti-H-2  and 
anti-la  hybridoma  antibodies,  and  the  effects  of  these  antisera  on  in  vitro 
and  in  vivo  parameters  of  histocompatibility  are  being  assessed;  and  4) 
Mechanism  of  tolerance  to  H-2  and  la  antigens:   The  humoral  and  cellular 
responses  of  radiation  bone  marrow  chimeras  are  being  examined,  and  the 

being  studied. 
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for  maintenance  of  tolerance 


these  animals 
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Project  Description 

Objectives :   1)  To  produce  antibodies  against  the  products  of  defined  regions 
of  the  major  histocompatibility  complex.   2)  To  characterize  the  reactions  of 
these  antibodies  with  the  cell  surface  of  lymphocytes,  and  to  determine  the 
nature  of  the  cells  bearing  individual  antigens.   3)  To  characterize  the  prod- 
ucts with  which  these  antibodies  react  by  immunochemical  means.   4)  To  attempt 
to  produce  anti-idiotypic  antibodies  against  the  receptors  on  these  antibodies 
which  detect  cell  surface  histocompatibility  antigens. 

Methods  Employed:   1)  Congenic  resistant  strains  of  mice  differing  only  at 
their  major  histocompatibility  loci  have  been  reciprocally  immunized  in  order 
to  produce  antibodies  of  known,  restricted  specificity.   The  antibodies  have 
been  characterized  by  assays  of  complement-mediated  lymphocytotoxicity  and  by 
fluorescence  microscopy  using  a  f luoresceinated  rabbit  antimouse  immunoglobulin 
as  a  developing  agent. 

2)  Hybridoma  cell  lines  are  obtained  by  fusion  of  immune  mouse  splenic 
lymphocytes  with  mouse  myeloma  cells  (SP2/0,  P3U1,  and  NSl).   The  cells  are 
mixed  and  exposed  to  polyethylene  glycol,  30%  for  8  minutes,  and  fused  cells 
are  then  cultured  in  the1 presence  of  a  selective  medium  (HAT)  for  2  weeks  in 
microtiter  wells.   Hybridoma  cells  secreting  anti-MHC  antibodies  are  detected 

by  a  complement-mediated  cytotoxicity  assay  on  individual  microwell  supernatants. 
Positive  cultures  are  then  sequentially  cloned  in  vitro  and  in  some  cases  passed 
in  vivo  to  produce  large  amounts  of  ascites  hybridoma  antibodies. 

3)  Cell  surface  antigens  reactive  with  anti-H-2  and  anti-la  antibodies  and 
monoclonal  antibodies  are  isolated  and  studied  immunochemically.   Cells  are 
labeled  in  vitro  with  ^H-leucine,  solubilized  in  a  nonionic  detergent,  purified 
by  lentil  lectin  chromatography,  and  then  mixed  with  the  antibodies  being 
analyzed.   Complexes  are  precipitated  with  Staphylococcus  aureus  Cowan  I  strain 
which  contains  protein  A  on  its  surface,  and  the  precipitated  complexes  are 
then  dissociated  in  SDS  and  mercaptoethanol  and  analyzed  by  polyacrylamide  gel 
electrophoresis. 

4)  Hybridoma  antibodies  against  H-2  and  la  antigens  are  purified  by  affinity 
chromatography  on  protein  A  Sepharose  columns  and  are  then  used  to  immunize 
heterologous  animals.   Pig,  rabbit,  and  goat  antihybridoma  reagents  have  been 
produced.   These  reagents  are  absorbed  exhaustively  on  normal  immunoglobulins 
or  myeloma  proteins  in  order  to  remove  anti-isotype  and  antiallotype  anti- 
bodies, and  the  putative  anti-idiotypic  antibodies  are  then  absorbed  and 
eluted  from  the  relevant  hybridoma  antibody.   These  anti-idiotypes  are  then 
analyzed  by  hemagglutination  and  hemagglutination  inhibition  assays  using  cells 
to  which  the  immunizing  hybridoma,  different  hybridomas,  or  normal  immunoglobu- 
lins have  been  coupled. 

5)  Cell-mediated  cytotoxicity  assays  are  carried  out  using  mouse  splenic 
lymphocytes  as  both  responders  and  stimulators.   The  effects  of  antibodies  to 
cell  surface  antigens  at  both  the  target  and  killer  cell  level  are  analyzed  in 
the  4  hour  cytotoxicity  assay. 
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6)  Mice  are  treated  in  vivo  with  purified  anti-idiotype  antibodies.   The 
effect  of  such  treatment  on  idiotype  levels  and  anti-H-2  antibody  activity  in 
the  serum  of  these  animals  is  examined.   In  addition,  spleens  from  these  ani- 
mals are  examined  for  in  vitro  MLC  and  CML  reactivity.   Treated  animals  are 
also  examined  for  in  vivo  reactivity  to  appropriate  skin  grafts,  and  humoral 
and  cellular  immunity  following  grafting  are  examined  by  complement-mediated 
cytotoxicity  assays  and  by  CML  assays. 

Major  Findings:  1)  Antibody  responses  to  at  least  2  H-2  public  specificities 
have  been  shown  to  be  genetically  controlled  by  non-H-2-linked  genes. 

2)  Crossreactions  have  been  detected  between  the  la  antigens  of  mice  and  those 
of  several  other  species,  including  rat,  pig,  and  human  being. 

3)  Fusion  of  spleen  cells  from  mice  hyperimmunized  against  H-2  antigens  and 
boosted  2-3  days  before  fusion  has  been  found  to  give  satisfactory  results  in 
the  production  of  anti-H-2  hybridomas.   Forty-one  stable  hybridomas  have  so  far 
been  produced,  most  of  which  detect  H-2  or  la  antigens  of  a  variety  of  haplo- 
types.   Panel  testing  has  indicated  that  most  of  these  antibodies  react  with 
public  specificities  of  the  H-2  and  la  antigens,  while  a  few  appear  to  detect 
private  specificities.   Numerous  crossreactions  have  been  detected  using  these 
monoclonal  antibodies,  which  define  a  variety  of  new  public  H-2  and  la 
specificities. 

4)  Analysis  of  anti-H-2  antisera  by  gel  electrophoresis  of  labeled  cell 
surface  antigens  has  demonstrated  a  new  H-2  product  determined  by  a  locus 
within  the  D  region,  named  H-2L.   Three  hybridoma  antibodies  reactive  with 
H-2L  antigens  have  been  produced.   These  antibodies  are  being  used  for 
structural  studies  of  the  H-2L  molecule. 

5)  Antibodies  directed  against  the  killer  cell  have  been  shown  to  block  cell- 
mediated  cytotoxicity  against  the  H-2  products.   The  specificity  of  these  anti- 
sera  has  been  shown  to  be  directed  to  a  product  of  a  gene  closely  linked  or 
identical  to  the  Ly-2  locus. 

6)  Anti-idiotypic  antibodies  reactive  with  three  of  the  hybridoma  anti-H-2 
antibodies  and  with  two  of  the  hybridoma  anti-la  antibodies  have  been  produced 
and  have  been  shown  to  be  specific  by  hemagglutination  inhibition  assays. 
Assessment  of  a  variety  of  hybridoma  antibodies  and  immune  sera  for  the 
presence  of  the  anti-H-2  idiotypic  specificities  has  so  far  been  negative, 
indicating  that  these  idiotypes  are  not  of  great  prevelance  in  the  normal 
immune  response. 

7)  The  effect  of  monoclonal  anti-H-2  antibodies  on  the  effector  phase  of  CML 
reactions  has  been  examined.   All  anti-H-2K^  monoclonal  antibodies  tested 
were  found  to  block  CML  effectively,  confirming  that  serologic  specificities 
are  on  the  same  molecules  which  are  detected  by  CML  reactions. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  1)  The 
H-2  and  la  antigens  are  cell  surface  determinants  which  appear  to  be  involved 
in  physiologic  cell-cell  interactions  in  the  immune  response.   Therefore, 
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antisera  against  these  antigens  provide  tools  for  dissecting  the  mechanism  of 
these  cell  interactions  and  possibly  for  modifying  responses. 

2)  The  specificity  of  the  receptor  for  histocompatibility  antigens  should 
reside  in  the  variable  portion  of  the  heavy  and  light  chains  of  the  relevant 
antibody  molecules.   Thus,  anti-idiotypic  antibodies  against  such  receptors 
might  be  expected  to  distinguish  those  cells  capable  of  reacting  against 
individual  histocompatibility  antigens.   Such  antibodies,  if  obtained,  could 
thus  provide  an  approach  to  modification  of  the  immune  response  to  cell 
surface  antigens. 

Proposed  Course  of  Project:   1)  In  order  to  maintain  isogenicity  of  the 
background  of  our  congenic  lines,  backcrosses  of  these  lines  to  the  reference 
congenic  partner  will  be  performed  at  least  once  every  ten  generations.   Back- 
crosses  of  congenic  lines  will  be  examined  for  further  recombination  events 
within  the  H-2  and  I   regions.   Recombinants  will  then  be  examined  for  fine 
structure  analysis  of  the  MHC  and  for  the  production  of  antisera  against  new 
H-2  and  la  specificities. 

2)  Anti-idiotypic  antibodies  directed  against  anti-H-2  and  anti-la  receptors 
will  continue  to  be  produced  and  studied.   These  reagents  will  be  examined 
for  reactions  with  antibodies  produced  in  conventional  immunization  schemes 
in  order  to  determine  the  prevalence  of  the  individual  combining  sites. 

3)  The  effects  of  anti-H-2  and  anti-la  anti-idiotypic  reagents  on  MLC  and  CML 
reactions  will  be  examined,  in  order  to  detect  possible  sharing  of  idiotypes 
between  T  and  B  cell  receptors. 

4)  Strain  distribution  studies  and  immunoprecipitation  analyses  will  be  used 
in  order  to  determine  the  extent  of  heterogeneity  of  the  newly  defined  H-2L 
locus. 

5)  Further  fusions  of  immunized  cells  from  a  variety  of  different  strain 
combinations  will  be  performed  in  order  to  produce  additional  monoclonal  hybri- 
doma  antibodies  to  a  variety  of  H-2  and  la  specificities.   The  library  thus 
obtained  will  be  screened  by  serologic  and  immunochemical  means  in  order  to 
further  characterize  the  products  of  the  MHC. 

6)  The  effect  of  in  vivo  treatment  with  anti-idiotype  antibodies  will  continue 
to  be  examined.   The  effects  of  such  treatment  on  skin  graft  rejection  and  on 
humoral  antibody  production  and  CML  reactivity  will  be  studied.   The  possible 
sharing  of  idiotypes  between  alloantigen  receptors  and  modified  self  receptors 
will  also  be  examined. 
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Project  Description 

Objectives:   To  develop  and  maintain  three  strains  of  miniature  swine,  each 
homozygous  for  a  different  set  of  histocompatibility  antigens  at  the  major 
histocompatibility  locus  (MSLA).   The  animals  are  used  for  in  vivo  experiments 
in  organ  and  tissue  transplantation  and  as  a  source  of  large  numbers  of  cells 
from  which  cell  surface  antigens  are  isolated,  purified,  and  characterized 
chemically. 

Methods  Employed:   Unlike  classical  inbreeding  schemes  which  require  about 
twenty  generations  to  produce  homozygosity,  the  approach  being  used  with  these 
swine  involves  selective  breeding  on  the  basis  of  histocompatibility  typing  of 
parents  and  offspring. 

Four  males  and  four  females  were  purchased  from  commercial  sources,  and  mating 
pairs  were  selected  to  be  as  varied  as  possible  in  order  to  assure  the 
selection  of  different  histocompatibility  genes.   Skin  grafts  were  exchanged 
between  the  members  of  each  pair  and  sera  were  obtained  from  the  animals  two 
weeks  after  the  rejection  of  the  grafts.   The  sera  were  tested  for  cytotoxic 
antibodies  by  lymphocytotoxic  typing,  and  pairs  which  produced  strong 
cytotoxic  antibodies  were  bred. 

Offspring  from  each  breeding  were  tested  serologically  to  determine  which 
histocompatibility  antigens  had  been  inherited  from  the  parents,  and  offspring 
which  could  be  shown  to  possess  the  same  antigen  combinations  were  selected 
for  further  breeding.   This  process  has  now  been  repeated  for  six  consecutive 
generations. 

Transplantation  of  tissues  in  these  animals  has  been  performed  in  the  large 
animal  facility  of  the  Surgery  Branch  in  Building  14.   Methods  have  been 
developed  for  the  transplantation  of  split  thickness  skin  grafts  from  the  ear 
to  the  dorsal  thorax.   Allografts  are  always  placed  side  by  side  with  auto- 
grafts as  a  control.   The  use  of  ear  skin  permits  very  accurate  assessment 
of  viability  of  the  grafts  and  determination  of  rejection  times.   Surgical 
techniques  for  vascularized  grafts  (kidney  and  liver)  are  being  developed. 

Chemical  purification  studies  on  swine  transplantation  antigens  are  being 
performed  using  both  detergent  and  papain  solubilized  cell  surface  prepara- 
tions from  spleen  and  lymph  node  cells.   Initial  studies  involved  radio- 
labelling  of  the  surface  antigens  with  tritiated  leucine  by  published 
methods,  and  the  assessment  of  molecular  weight  of  those  components  which 
react  with  alloantisera  by  the  use  of  SDS  polyacrylamide  gels. 

In  order  to  produce  large  quantities  of  histocompatibility  antigens  without 
the  use  of  radiolabeled  amino  acids,  membranes  have  been  prepared  from 
lymphoid  organs  and  solubilized  with  detergents  or  by  limited  papain  diges- 
tion.  The  extracts  were  then  purified  by  lentil  lectin  chromatography  and 
by  affinity  chromatography  on  anti-82  microglobulin  columns,  or,  in  the  case 
of  papain  solubilized  antigen,  by  DEAE  ion  exchange  chromatography  and  by 
gel  filtration.   Sera  produced  between  outbred  swine  which  react  with  public 
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specificities  shared  in  the  inbred  minipig  population  are  being  used  to 
separate  products  of  different  histocompatibility  loci.   Methods  are  also 
being  developed  for  the  preparation  and  isolation  of  peptides  from  these 
isolated  antigens. 

Major  Findings:   1)  Breeding  of  further  generations  has  continued  to  be 
successful.   Typing  of  the  fourth  generation  offspring  yielded  three 
breeding  pairs  of  animals  homozygous  for  serologically  determined  transplanta- 
tion antigens.   We  therefore  now  have  the  capacity  to  breed  three  different 
herds  of  swine,  each  homozygous  for  a  different  MSLA  antigen. 

2)  Skin  graft  survival  has  been  found  to  be  prolonged  within  each  of  the 
homozygous  herds.   The  mean  survival  time  for  grafts  within  homozygous  herds 
was  11.8+. 89  days,  while  the  mean  survival  time  of  skin  grafts  between  animals 
of  the  three  different  herds  was  7.0+. 36  days. 

3)  Renal  allografts  within  the  DD  homozygous  herd  appeared  to  survive 
indefinitely  despite  minor  histocompatibility  antigen  differences.   Rejection 
occurred  following  allografts  within  the  other  two  herds,  with  variable  kidney 
survival  times. 

4)  Skin  grafts  to  DD  recipients  maintaining  a  DD  allografted  kidney  showed 
marked  prolongation  of  survival.   DD  kidneys  transplanted  after  skin  graft 
rejection  by  DD  recipients  were  rejected  in  hyperacute  fashion,  but  no 
antibody  was  detectable. 

5)  Alloantisera  between  the  three  herds  have  been  analyzed  by  gel  electro- 
phoresis using  detergent  solubilized  cell  surface  antigen  preparations.   Peaks 
were  obtained  at  45,000  molecular  weight  corresponding  to  the  mouse  H-2 
antigen  analog.   Peaks  at  35,000  and  28,000  molecular  weights  corresponding 

to  mouse  la  antigens  were  also  observed.   Both  by  size  criteria  and  by  genetic 
criteria  these  antigens  thus  appear  to  be  the  precise  homologs  of  H-2  and  la 
antigens  of  the  mouse. 

6)  Milligram  quantities  of  unlabeled  histocompatibility  antigens  have  been 
prepared  from  individual  pig  spleens  by  lentil  lectin  chromatography  and  anti- 
'02  microglobulin  affinity  chromatography.   The  material  eluted  from  these 
columns  has  been  shown  to  consist  predominantly  of  42,000  and  11,000  dalton 
molecules  and  has  been  assessed  immunologically  by  its  ability  to  inhibit 
complement-mediated  lysis  of  pig  cells  by  anti-MHC  antisera. 

7)  Liver  allografts  in  outbred  swine  have  now  become  technically  successful, 
and  assessment  of  liver  grafts  in  the  partially  inbred  herds  is  being  carried 
out. 

8)  Two  recombinants  within  the  MHC  were  detected  by  screening  of  the  progeny 
of  MHC  heterozygous  animals  using  MLC  reactivity  and  the  cytotoxic  assay  as 
markers.   Both  new  recombinants  involved  separation  of  the  MLC  stimulatory 
locus  (SLA-D)  from  the  serologic  loci  (SLD-A,B,C).   SDS-PAGE  analyses  of  cell 
surface  antigens  from  these  animals  have  indicated  that  the  la  antigens 
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segregated  with  the  MLC  stimulating  determinants  in  both  recombination  events, 
confirming  the  identity  or  close  linkage  of  the  genes  responsible  for  both  of 
these  products  in  this  species.   These  recombinants  have  also  been  used  to 
produce  large  amounts  of  antisera  specific  for  la  or  SD  antigens  of  this 
species,  which  were  not  previously  available. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   One  of 
the  major  problems  in  the  study  of  cell  surface  antigens  of  human  beings  is 
lack  of  control  of  genetic  constitution.   The  use  of  mice  and  rats  as 
experimental  models  avoids  this  problem,  but  creates  two  new  ones:   1)  physio- 
logically and  anatomically  these  animals  are  often  so  different  from  human 
beings  as  to  make  comparisons  and  applications  of  findings  difficult.   2)  The 
size  of  these  rodents  makes  it  extremely  difficult  to  obtain  sufficient  cells 
and  tissues  to  permit  quantitative  chemical  characterization  of  relevant  cell 
surface  antigens. 

For  both  of  these  reasons  it  is  desirable  to  have  animals  of  size  comparable 
to  human  beings,  whose  genetic  constitution  with  respect  to  histocompatibility 
can  be  controlled.   The  miniature  pig,  which  attains  an  adult  weight  of  about 
200  lbs,  is  ideal  for  this  purpose,  and  to  date  the  experimental  breeding 
pattern  outlined  above  appears  to  be  working  well. 

The  availability  of  large  quantities  of  MHC  antigens  will  make  it  possible  to 
determine  the  effects  of  soluble  antigen  and  possibly  of  peptides  from  these 
antigens  on  tissue  transplantation.   This  will  be  assessed  both  by  in  vitro 
assays  (MLC  and  CML),  as  well  as  in  vivo  in  the  transplantation  models  which 
have  now  been  developed  in  these  swine.   In  addition,  large  amounts  of 
soluble  SLA  antigens  should  permit  both  primary  and  secondary  structural 
studies  to  be  performed. 

Proposed  Course  of  Project:   The  breeding  plan  and  typing  will  be  continued. 
Lines  will  be  established  and  separated,  so  that  herds  of  any  required  size 
in  each  line  can  be  produced. 

Experiments  in  collaboration  with  the  Surgery  Branch  will  be  continued  in 
order  to:   1)  characterize  the  immune  response  to  transplantation  of  skin, 
kidney,  and  liver  in  pigs  across  defined  histocompatibility  differences,  and 
2)  to  determine  the  basis  of  liver  allograft  tolerance  which  has  previously 
been  reported  in  pigs. 

Studies  of  the  MSLA  antigens  at  the  biochemical  level  will  be  continued. 
Using  the  isolated  unlabeled  histocompatibility  antigens,  we  will  begin  to 
prepare  peptide  fragments  of  these  antigens  and  to  analyze  these  fragments 
for  immunologic  reactivities.   An  attempt  will  be  made  to  localize  those 
determinants  involved  in  serologic  assays  (by  inhibition  of  complement- 
mediated  lysis),  as  well  as  in  cellular  assays  (CML  and  MLC).   The  antigens 
will  also  be  subjected  to  sequence  analysis  in  an  attempt  to  determine  the 
structural  basis  for  antigenicity  in  this  system.   An  attempt  to  crystallize 
the  SLA  antigens  for  x-ray  crystallographic  studies  will  be  made  in 


482 


Project  No.  ZO1-CB-05023-09  I 

collaboration  with  Drs.  Gary  Gilliland  (Laboratory  of  Immunogenetics,  NIA1D) 
and  David  Davies  (Laboratory  of  Molecular  Biology,  NIAMDD). 

Publications 

Kirkman,  R.  L. ,  Colvin,  R.  B. ,  Flye,  M.  W. ,  Leight,  G.  S. ,  Rosenberg,  S.  A., 
Williams,  G.  M. ,  and  Sachs,  D.  H. :   Transplantation  in  miniature  swine.   VI. 
Factors  influencing  survival  of  renal  allografts.   Transplantation  28:  18-23, 
1979. 

Kirkman,  R.  L. ,  Colvin,  R.  B. ,  Flye,  M.  W. ,  Williams,  G.  M. ,  and  Sachs,  D.  H. : 
Transplantation  in  miniature  swine.   VII.  Evidence  for  cellular  immune 
mechanisms  in  hyperacute  rejection  of  renal  allografts.   Transplantation  28: 
24-30,  1979. 

Lunney,  J.  K. ,  Mann,  D.  L. ,  and  Sachs,  D.  H. :  Sharing  of  la  antigens  between 
species.  III.  la  specificities  shared  between  mice  and  human  beings.  Scand. 
J.  Immunol.  10:  403-415,  1979. 

Sachs,  D.  H. ,  El-Gamil,  M. ,  Kiszkiss,  P.,  Lunney,  J.  K. ,  Mann,  D.  L. , 
Ozato,  K. ,  and  Shinohara,  N. :   la  antigen  crossreactions  between  species.   In 
Bach,  F. ,  Bonavida,  B. ,  Vitetta,  E. ,  and  Fox,  C.  F.  (Eds.):   T  and  B  Lympho- 
cytes: Recognition  and  Function  XVI,  New  York,  Academic  Press,  1979,  pp.  15- 
29. 

Johnson,  H. ,  Lunney,  J.  K. ,  Sachs,  D.  H. ,  and  Flye,  M.  W. :   Preparation  and 
characterization  of  an  antiserum  specific  for  T  cells  of  pigs. 
Transplantation,  in  press. 
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A  controlled,  randomized  trial  comparing  immunotherapy  to  chemotherapy  in 
stage  I  and  stage  II  malignant  melanoma  has  been  initiated.   A  total  of  169 
patients  have  entered  the  trial,  but  it  is  too  early  to  evaluate  the  results. 
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Project  Description 

Objectives:   This  project  is  designed  to  study  various  approaches  to  the 
immunotherapy  of  human  malignancies. 

Methods  Employed:   A  new  protocol  (designed  IB-2)  was  initiated  in  August 
1975.   This  protocol  will  evaluate  the  effect  of  two  types  of  immunotherapy 
or  one  type  of  chemotherapy  on  the  remission  duration  and  survival  of 
patients  with  stage  I  (level  4  or  5)  and  stage  II  malignant  melanoma. 
Patients  are  stratified  by  stage,  site  of  primary,  and  for  stage  II  patients, 
presence  or  absence  of  clinically  palpable  lymph  nodes  and  the  number  of 
histologically  positive  lymph  nodes.   Following  stratification,  they  are 
randomized  to  receive  no  further  therapy  (this  is  standard  treatment  for 
these  patients)  or  chemotherapy  with  methyl-CCNU  or  immunotherapy  with  BCG, 
or  immunotherapy  with  BCG  plus  a  vaccine  that  consists  of  three  tissue 
culture-grown  allogeneic  melanoma  cell  lines.   These  cell  lines  were  a  gift 
from  Dr.  Donald  Morton,  UCLA,  and  are  grown  in  PPLO-free  conditions  at 
Litton  Bionetics,  Inc.,  under  the  supervision  of  Dr.  Edwin  Matthews.   Cells 
are  treated  with  the  enzyme  neuraminidase  to  remove  sialic  acid  (and  thus 
render  them  more  immunogenic)  and  frozen  until  ready  for  use. 

All  patients  are  worked  up  by  the  Immunology  Branch  or  the  Surgery  Branch. 

Following  randomization,  they  are  assigned  to  the  Medicine  Branch  for 

chemotherapy,  the  Immunology  Branch  for  immunotherapy,  and  the  Surgery 
Branch  for  follow  up  if  there  is  no  further  treatment. 

Bloods  are  drawn  during  pre-randomization  work-up  and  throughout  the 
treatment  cycle  for  the  purpose  of  serum  banking. 

Major  Findings:   As  of  April  15,  1980,  169  patients  have  been  randomized 
into  this  protocol.   The  state  of  the  trial  is  summarized  in  the  following 
table: 


Total  Patients  Entered 

Recurrences 

Deaths 

In  vitro  assays  have  only  been  carried  to  the  point  of  indicating  that 
patients  are  being  effectively  immunized  with  the  vaccine  (see  Project  No. 
ZO1-CB-05016-10  I).   In  addition,  PPD  tests  indicate  that  all  patients 
receiving  BCG  have  converted  to  a  positive  skin  test. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Immunotherapy  studies  will  explore  the  clinical  effectiveness  of 
manipulating  the  immune  system  in  patients  with  cancer,  and  will  also 
provide  new  information  about  the  biology  of  the  tumor-host  relationship. 


Control 

MeCCNU 

BCG 

BCG  &  Vaccine 

42 

39 

45 

43 

25 

16 

29 

18 

16 

13 

21 

13 
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Proposed  Course  of  Project:  No  further  patient  accrual  will  occur.  For 
those  patients  already  on  study,  treatment  and  follow-up  as  described  by 
the  IB-2  protocol  will  be  continued. 

Publications 

Terry,  W.D.:   BCG  in  the  treatment  and  prevention  of  human  cancer.   In 
Sela,  M.  (Ed.):   Proceedings  of  the  Study  Week  on  the  Role  of  Non-Specific 
Immunity  in  the  Prevention  and  Treatment  of  Cancer,  Vatican  City,  Pontificia 
Academia  Scientiarvm,  1979,  pp.  533-577. 

Terry,  W.D.  and  Yamamura,  Y.  (Eds.):   Developments  in  Immunology,  Vol.  6 
Immunobiology  and  Immunotherapy  of  Cancer.   New  York,  NY,  Elsevier 
North-Holland,  Inc.,  1979,  424  pp. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  long  term  goal  is  to  characterize  and  isolate  human  lymphocyte  sub- 
populations  and  evaluate  the  function  of  these  populations  in  the  immune 
response  of  both  normal  and  diseased  individuals.   Recent  work,  under  this 
project  has  shown  that  anti-HL-A  alloantisera  contain  antibodies  against 
antigens  which  are  found  primarily  on  B  lymphocytes  and  which  are  associated 
with  B  lymphocyte  Fc_  receptors.   In  addition  it  was  found  that  the  Fc 
receptors  of  B  lymphocytes  and  UL  cells  differ  both  in  their  avidity  for  Ig 
complexes  and  in  the  fact  that  the  Fc  receptors  of  UL  cells  do  not  appear  to 
be  associated  with  "la-like"  antigens.   Human  peripheral  blood  mononuclear 
cells  cultured  in  vitro  with  the  antigen  KLH-TNP  generated  significant  numbers 
(compared  to  controls  without  antigen)  of  plaque-forming  cells  measured  with 
SRBC  coated  with  staph  protein  A  in  the  presence  of  rabbit  anti-human  Ig,  but 
not  when  measured  with  SRBC  or  SRBC-TNP. 
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Project  Description 

Objectives:   To  characterize  and  isolate  human  lymphocyte  subpopulations  and 
evaluate  the  function  of  such  populations  in  the  immune  response  in  both 
normal  and  diseased  individuals. 

Methods  Employed:   Lymphocytes  from  normal  human  donors  were  reacted  with 
alloantisera  and  then  evaluated  for  the  presence  of  bound  antibody  and 
function  of  Fc  receptors  by  fluorescent  techniques.   Alloantisera  were 
fractionated  by  absorption  with  and  elution  from  platelets.   Antigen- 
antibody  complexes  and  double  marker  fluorescence  techniques  were  used  to 
evaluate  the  avidity  of  lymphocyte  subpopulations  for  Ig  complexes.   Human 
peripheral  blood  mononuclear  cells  were  cultured  in  vitro  with  or  without 
soluble  protein  antigens  in  order  to  generate  antibody  secreting  (plaque- 
forming)  cells  measured  in  a  plaque-forming  cell  assay  using  a  variety  of 
indicator  cells.   Subpopulations  of  lymphocytes  were  purified  or  depleted 
using  a  variety  of  techniques  including  gradient  centrifugation,  rosetting, 
anti-Ig  columns,  G-10  Sephadex  columns,  nylon  wool  columns  and  adherence. 
Various  markers  were  employed  to  evaluate  purity  of  populations  including 
fluorescent  detection  of  surface  Ig  and  Fc  receptors,  E-rosette  formation 
with  SRBC  and  latex  particle  ingestion. 

Major  Findings:   Certain  anti-HLA  alloantisera  contained  antibodies  which 
inhibited  the  binding  of  complexed  Ig  to  B  lymphocyte  Fc  receptors.   After 
absorption  with  platelets  the  alloantisera  lost  HLA  reactivity  but  retained 
the  ability  to  react  with  B  lymphocytes  and  inhibit  Fc  receptor  function. 
Conversely,  the  HLA  antibodies  eluted  from  platelets  reacted  with  all 
lymphocytes  but  did  not  inhibit  binding  to  Fc  receptors.   The  Fc  portion  of 
the  inhibiting  antibodies  was  not  required  since  F(ab')2  fragments  also 
produced  inhibition.   These  data  suggest  that  human  B  lymphocytes  bear  "la 
(immune  response  gene  associated)  like"  antigens  and  that  these  antigens 
are  associated  with  B  lymphocyte  Fc  receptors.   B  lymphocytes  and  UL  cells 
were  shown  to  have  Fc  receptors  which  were  distinct.   UL  cells'  Fc  receptors 
had  a  much  higher  avidity  for  Ig  complexes  and  were  not  associated  with  "la 
like"  antigens.   These  differences  may  be  of  functional  importance. 

Human  peripheral  blood  mononuclear  cells  from  several  normal  individuals 
have  been  cultured  in  vitro  with  or  without  antigen  (KLH-TNP).   Those 
cultures  with  antigen  generated  significant  numbers  (compared  to  controls 
without  antigen)  of  antibody  secreting  cells  as  measured  in  a  plaque-forming 
cell  assay.   Plaque  forming  cells  were  observed  using  SRBC  coated  with  staph 
Protein  A  in  the  presence  of  rabbit  anti-human  Ig  but  not  with  SRBC  or  SRBC- 
TNP.   A  culture  period  of  6  days,  antigen  concentration  of  10-50  ug/ml,  and 
a  cell  concentration  of  2.5x  10" /ml  were  found  to  be  optimal. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Characterization  and  isolation  of  lymphocyte  subpopulations  is  of  fundamental 
importance  for  an  understanding  of  the  nature  of  the  immune  response.   By 
analogy  to  the  murine  system,  identification  of  human  alloantigens  associated 
with  Fc  receptors,  and  primarily  expressed  on  B  cells  may  be  important  for 
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understanding  imraunoregulation  and  interactions  between  immunocompetent 
cells,  and  may  help  characterize  the  genes  responsible  for  such  regulation. 

Proposed  Course  of  Project:   Due  to  time  commitments  to  other  projects,  this 
study  is  not  currently  being  pursued.   However,  when  time  and  personnel 
permit,  the  proposed  course  will  be:   (1)  The  antigen-driven  plaque-forming 
cell  response  will  be  used  to  evaluate  the  conditions  (including  various  pro- 
portions of  B  and  T  lymphocytes  and  accessory  cells)  needed  to  obtain 
antigen-specific  plaque- forming  cell  responses  to  soluble  protein  antigens 
in  vitro  using  human  peripheral  blood  cells.   (2)   If  in  vitro  antibody 
responses  to  soluble  antigens  can  be  obtained,  this  system  will  be  used  to 
evaluate  a)  Ir  gene  function  in  man;  b)  the  role  of  various  cell  populations 
in  the  antibody  response  in  man;  and  c)  the  role  of  Ir  genes  in  human  disease. 
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SUMMARY   OF    WORK    (200   words   or   less  -   underline    keywords) 

The  goals  of  this  project  are  to  characterize  lymphocyte  Fc  receptors 
genetically  and  functionally.   Recent  findings  indicate  that  the  Fc  IgG 
receptors  of  B  lymphocytes  interact  with:   a)  the  lymphocyte  cytoskeleton, 
la  antigens  and  Lym  antigens,  c)  surface  IgM,  and  d)  surface  IgD.   Each  of 
these  interactions  is  distinct,  specific,  and  non-random.   These  findings 
strongly  suggest  that  B  lymphocyte  Fc  IgG  receptors  are  central  to 
B  lymphocyte  activation  and  immunoregulation. 
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Project  Description 

Objectives :   1)  To  evaluate  the  genotypic  and  phenotypic  expression  of  the  Fc 
receptor;  2)  to  evaluate  the  role  of  this  receptor  in  the  immune  response. 

Methods  Employed:   Heat-aggregated  immunoglobulin  and/or  antigen-antibody 
complexes  are  fluorochrome  or  radioactive  isotope  labelled,  and  then  allowed 
to  interact  with  isolated  lymphocytes  or  macrophages  from  animals.   Binding 
is  assayed  by  U.V.  and  phase  microscopy,  the  Fluorescence  Activated  Cell 
Sorter  (FACS),  or  by  isotope  counting.   The  interaction  is  studied  by  manipu- 
lation of  the  conditions  of  interaction,  and  by  immunologic  and  chemical 
modifications  of  both  lymphocytes  and  complexes.   Genetic  studies  are  carried 
out  utilizing  inbred,  congenic,  and/or  recombinant  mouse  strains.   Function- 
ally, the  effect  of  Ig  complexes  on  the  humoral  immune  response  (plaque- 
forming  cell  assays)  and  antibody  dependent  cell-mediated  cytotoxicity  (ADCC) 
are  analyzed.   The  techniques  of  complement  and  antibody  mediated  cytolysis 
and  immunoprecipitation  are  also  employed. 

Major  Findings :   A  series  of  cell  surface  molecules  (la  antigens)  is 
encoded  by  genes  within  the  I_  region  of  the  murine  H-2  complex.   These 
are  either  identical  to  or  closely  linked  to  genes  (immune  response  genes) 
which  regulate  immune  responsiveness.   Anti-la  antibodies  bound  to  la 
antigens  inhibit  binding  of  immune  complexes  (heat-aggregated  IgG  or  antigen- 
antibody  complexes)  to  specific  cell  surface  receptors  (Fc  IgG  receptors). 
The  inhibition  of  specific:   (a)  the  Fc  portion  of  the  anti-la  antibody 
is  not  required;   (b)  binding  of  ligands  to  other  cell  surface  molecules 
(including  H-2K,  H-2D,  IgM,  IgD,  and  lectin  receptors)  does  not  produce 
inhibition;   (c)  anti-la  antibodies  bound  to  la  antigens  do  not  inhibit 
detection  of  other  surface  molecules;  and  (d)  inhibition  is  observed  with 
some  cell  types  (B  lymphocytes  and  a  subpopulation  of  T  lymphocytes)  but 
not  others  (macrophages  and  null  lymphocytes). 

The  nature  of  the  la  antigen-Fc  IgG  receptor  interaction  has  been  examined: 
(a)  these  molecules  are  not  identical  since  binding  of  antibodies  to 
only  a  portion  of  la  antigens  produces  maximal  inhibition  of  Fc  IgG 
receptors  and  the  latter  can  be  redistributed  without  affecting  distribution 
of  la  antigens;   (b)  ligand-bound  la  antigens  do  not  appear  to  bind  directly 
to  the  same  site  on  Fc  IgG  receptors  as  immune  complexes  since  occupancy 
of  these  receptors  by  Ig  complexes  but  not  ligand-Ia  antigens  results  in 
an  interaction  with  surface  IgM  (see  below);  (c)  the  interaction  does 
not  appear  to  be  mediated  by  the  cytoskeleton  since  disruption  of  cyto- 
skeletal  function  by  drugs  does  not  affect  the  interaction;  and  (d)  the 
interaction  may  be  steric  since  monoclonal  antibodies  against  single 
antigenic  determinants  on  la  antigens  produce  only  partial  inhibition 
of  Fc  IgG  receptors  whereas  mixtures  of  the  same  monoclonal  antibodies 
produce  maximal  inhibition;  however,  immune  complexes  bound  to  Fc  IgG 
receptors  do  not  sterically  inhibit  detection  of  la  antigens.   Thus, 
while  the  nature  of  the  la  antigen-Fc  IgG  receptor  interaction  has  not 
been  fully  elucidated,  the  simplest  interpretation  is  that  the  two  molecules 
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lie  in  close  proximity  on  the  cell  surface.   A  functional  role  for  the 
interaction  is  suggested  by  the  non-random  and  specific  nature  of  the 
association. 

Cell  surface  antigens  encoded  by  a  single  non-H-2  locus  (LyM-1)  located 
on  chromosome  1,  and  which  share  many  characteristics  of  la  antigens, 
interact  with  Fc  IgG  receptors  in  an  identical  manner. 

Several  pharmacologic  agents  (the  combination  of  colchicine  and  cyto- 
chalasin  B,  the  Ca"1-*"  ionophoric  A23187,  and  the  local  anesthetic  lidocaine) 
markedly  affect  the  ligand  induced  redistribution  of  Fc  receptors  on  B 
lymphocytes.   The  effects  were  similar  to  those  observed  for  surface  immuno- 
globulin.  These  results  suggest  that  ligand  bound  Fc  receptors  are  affected 
by  cytoskeletal  structures  and  that  the  redistribution  of  two  distinct  B 
lymphocyte  surface  receptors  occurs  by  similar  or  identical  mechanisms. 

Binding  of  ligand  (F[ab']2  anti-My)  to  surface  IgM  of  B  lymphocytes  or 
ligand-induced  redistribution  of  surface  IgM  has  no  effect  on  Fc  IgG 
receptors.   However,  if  the  latter  receptor  is  occupied  by  antigen-antibody 
complexes  which  themselves  provide  insufficient  cross-linking  to  cause 
redistribution  or  monomeric  IgG  at  physiologic  concentrations  then  ligand- 
induced  redistribution  of  IgM  results  in  redistribution  of  the  Fc  IgG 
receptors.   The  interaction  is  specific  and  unidirectional:   (a) 
redistribution  of  Fc  IgG  receptors  by  further  cross-linking  does  not 
result  in  redistribution  of  monomeric  ligand  occupied  IgM;  (b)  ligand- 
mediated  redistribution  of  IgM  does  not  result  in  redistribution  of 
ligand  occupied  la  antigens  or  monomeric  ligand  occupied  IgD;  (c)  cross 
reactions  between  ligands  was  excluded.   A  smilar  interaction  has  been 
demonstrated  for  surface  IgD  and  Fc  IgG  receptors  except  that  the  inter- 
action only  occurs  on  a  subpopulation  of  B  lymphocytes,  and  only  with 
complexed  IgG  but  not  monomeric  IgG.   These  results  suggest  that  when- 
ever IgM  is  involved  in  a  B  lymphocyte  response,  then  the  Fc  IgG  receptor 
is  also  involved,  and  the  difference  between  the  slgM-  Fc  IgG  receptor 
and  slgD-Fc  IgG  receptor  interactions  provide  a  mechanism  whereby  the 
two  antigen  receptors  could  provide  different  signals  to  the  B  lymphocyte. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
B  lymphocyte  Fc  IgG  receptor  appears  to  play  a  central  role  in  B  cell 
activation  and  immunoregulation.   Interactions  between  membrane  molecules 
may  be  a  general  mechanism  employed  by  cells  to  respond  to  stimuli.   The 
ability  to  regulate  the  immune  response  (possibly  via  manipulation  of 
Fc  IgG  receptors)  could  lead  to  new  forms  of  therapy  for  cancer  and  other 
diseases. 

Proposed  Course  of  Project:   1)  Analysis  of  membrane  molecule  interactions 
on  different  cell  types  (T  lymphocytes,  macrophages).   2)  Analysis  of 
other  cell  surface  molecules  on  B  lymphocytes  for  interactions.   3) 
Analysis  of  the  effects  of  cell  proliferation  and  differentiation  on 
membrane  molecule  interactions. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Antibodies  directed  against  idiotypic  determinants  on  anti-Staphylococcal 


nuclease  antibodies  from  different  mouse  strains  have  been  produced  in  rats  and 
in  pigs.   The  idiotypes  are  detected  by  hemagglutination  assays  and  by  the  inhi- 
bition of  antibody-mediated  inactivation  of  nuclease.   By  screening  a  variety  of 
strains  and  offspring  from  appropriate  matings  between  strains  for  the  presence 
Df  idiotypes  and  other  markers,  it  has  been  shown  that  idiotype  expression  is 
linked  to  the  heavy  chain  allotype  markers.   A  number  of  recombinants  between 
different  idiotype  markers  have  been  found  and  may  provide  tools  for  fine- 
structure  mapping  of  heavy  chain  variable  region  genes.   Administration  of  anti- 
Ldiotypic  antibodies  to  mice  has  been  found  to  induce  idiotype  expression  in  the 
serum  of  these  animals.   This  effect  appears  to  involve  T  cells,  since  it  is  not 
observed  in  nude  mice,  and  since  evidence  for  idiotype  expression  on  T  helper 
:ells  in  an  in  vitro  anti-TNP  nuclease  response  has  also  been  obtained  using 
spleens  from  such  treated  animals.   Isoelectric  focusing  studies  on  antinuclease 
intibodies  have  indicated  characteristic  spectrotypes  for  different  strains  which 
■ippear  to  correlate  with  idiotype  expression. 
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Project  Description 

Objectives:   Staphylococcal  nuclease  (nuclease)  is  a  protein  enzyme,  the 
immune  response  to  which  we  have  found  to  be  under  genetic  control  by  H-2- 
linked  Ir  genes  in  the  mouse.   Because  of  the  wealth  of  available  data  on 
structural  and  immunochemical  properties  of  nuclease,  it  is  an  ideal  model 
antigen  for  use  in  dissecting  the  mechanism  of  genetic  control  of  immune 
responses.   Such  mechanistic  studies  at  both  the  T  cell  and  B  cell  levels  are 
the  objective  of  this  project. 

Methods  Employed:   1)  Antibodies  to  NASE  have  been  prepared  in  groups  of  mice 
of  a  variety  of  strains  (both  high  and  low  responders)  differing  in  H-2  type 
or  allotype  or  both.   Certain  of  these  have  been  purified  by  affinity  chroma- 
tography.  Inbred  Lewis  rats  and  miniature  swine  have  been  immunized  with  the 
purified  anti-NASE  antibodies  obtained  from  immune  ascites  from  A/J  mice,  SJL 
mice,  B10.A(2R)  mice,  and  BALB/c  mice  after  immunization  with  NASE. 
Immunoabsorptions  with  normal  immunoglobulins  from  the  same  strains  have  been 
used  in  order  to  determine  whether  or  not  antibodies  reactive  with  the 
variable  region  (i.e.,  anti-idiotypic  antibodies)  have  been  produced. 

2)  Anti-idiotypic  reactions  have  been  quantified  by  hemagglutination  and  by 
the  inhibition  of  antibody-mediated  enzyme  inactivation.   Such  reactivities 
have  been  screened  against  anti-NASE  antibody  populations  from  the  other 
strains  of  mice  in  order  to  determine  the  possible  genetic  linkage  of 
idiotype  to  allotype  and/or  H-2  type. 

3)  Backcross  animals  have  been  screened  for  antibody  levels  and  for  allotype 
and  idiotype  expression  in  order  to  determine  linkage  of  idiotype  to  other 
genetic  markers. 

4)  Antibodies  to  nuclease  have  been  separated  on  affinity  columns  into 
subpopulations  directed  against  different  determinants  of  nuclease.   The 
reactions  of  anti-idiotypic  antisera  with  these  subpopulations  have  been 
characterized  in  order  to  determine  new  idiotypic  markers. 

5)  Backcross  animals  in  which  recombinant  phenotypes  were  detected  have  been 
further  backcrossed  and  intercrossed  in  order  to  establish  homozygous  recom- 
binant genotypes. 

6)  Antibodies  to  individual  determinants  of  nuclease  have  been  measured  in 
antisera  from  high  and  low  responder  strains.   A  radioimmunoassay  using 
labeled  polypeptide  fragments  of  nuclease  has  been  developed  for  this  purpose. 

7)  Animals  have  been  injected  with  purified  anti-idiotype  antibodies  and  the 
effect  of  this  treatment  on  their  subsequent  expression  of  idiotype  and  anti- 
nuclease  activity  has  been  examined  by  means  of  spectrophotometry  and  hemag- 
glutination assays. 
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8)  Antinuclease  antisera  and  purified  antinuclease  antibodies  have  been 
examined  by  isoelectric  focusing,  using  either  protein  stains  or  auto- 
radiography employing  125j_]_a^e^e(j  nuclease  or  purified  anti-idiotype. 

9)  An  assay  for  secondary  immune  responses  to  TNP-nuclease  in  vitro  has  been 
developed.   This  assay  has  been  used  to  examine  the  genetics  of  secondary 
responses  to  nuclease,  as  well  as  to  assess  the  effects  of  anti-idiotype  on 
the  in  vitro  response  and  the  cell  level  of  expression  of  idiotype  in  this 
response. 

Major  Findings:   By  two  separate  criteria,  anti-idiotype  antibodies  have  been 
obtained.   1)  After  exhaustive  absorption  with  whole  normal  A/J  ascites  or 
repeated  passages  over  affinity  chromatography  columns  to  which  normal  A/J 
ascites  was  bound,  antibodies  remained  which  reacted  with  A/ J  anti-NASE  but 
not  with  B10.A  anti-NASE  antibody.   Prior  to  absorption  these  rat  antibodies 
contained  precipitating  antibodies  to  either  type  (A/J  or  C57BL/10)  of  antibody 
but  no  precipitating  antibodies  remained  following  absorption.   2)  The  rat 
anti-A/j  anti-NASE  antibodies  prior  to  and  following  absorption  reacted  with 
the  combining  site  of  anti-NASE  antibodies  as  evidenced  by  their  ability  to 
inhibit  the  anti-NASE  antibody-mediated  inactivation  of  NASE  in  an  enzymatic 
assay. 

Among  (B10.AxA/J)xB10.A  backcross  animals  the  A/J  anti-NASE  idiotype  was  found 
to  be  linked  (p  <.005)  to  heavy  chain  allotype.   However,  a  large  recombination 
frequency  was  found  (7-10  percent).   The  use  of  a  very  sensitive  assay  for 
allotype  indicated  that  this  recombination  frequency  was  not  the  result  of 
faulty  allotypic  typing.   Also,  progeny  testing  of  the  putative  recombinant 
animals  showed  approximately  50  percent  of  the  offspring  to  also  have 
recombinant  phenotypes,  further  indicating  that  these  were  true  recombinant 
animals. 

A  backcross  between  (BALB/cxCB-20)  and  CB-20  was  performed  and  examined  for 
idiotype  segregation.   The  same  phenomena  of  idiotype  inheritance  and 
recombination  frequencies  were  observed.   These  recombinants  are  being 
inbred  to  provide  new  recombinant  strains. 

Five  idiotype,  markers  have  now  been  defined  in  this  system  on  the  basis  of 
determinant  of  nuclease  recognized  and  strain  distribution  of  idiotype.   The 
distribution  of  these  markers  in  existing  strains  and  in  the  recombinant 
haplotypes  we  have  produced  provides  a  linear  map  order  of  the  relevant  V 
region  genes.   These  genes  are  all  linked  to  the  heavy  chain  allotype 
linkage  group  and  may  be  either  structural  or  regulatory  in  nature. 

Injection  of  pig  anti-idiotype  antibodies  into  virgin  mice  has  led  not  to 
suppression  of  the  idiotype  as  expected,  but  to  an  increase  in  the  level  of 
idiotype  in  the  mouse  serum.   Similar  treatment  of  nude  mice  did  not  lead 
to  idiotype  expression  in  the  serum,  suggesting  that  the  effect  may  involve 
T  cells.   The  idiotype  detected  in  serum  from  the  anti-idiotype  treated  mice 
was  predominantly  found  on  immunoglobulin  molecules  not  detectably  specific 
for  nuclease.   Treatment  of  such  animals  with  nuclease  led  to  an  even  greater 
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increase  in  idiotype  expression,  and  in  this  case  there  was  also  an  increase 
in  idiotype  expression  on  antinuclease  antibody  molecules. 

Spleen  cells  from  anti-idiotype  primed  animals  were  found  to  provide  T  cell 
help  in  an  in  vitro  antinuclease  TNP  plaque-forming  cell  response.   This  T 
cell  help  was  equivalent  to  that  obtained  from  nuclease-primed  spleens.   Anti- 
idiotype was  found  to  inhibit  this  T  cell  help  and  in  fact  could  eliminate  the 
help  if  complement  was  added. 

Isoelectrof ocusing  studies  on  antinuclease  antibodies  from  a  variety  of 
strains  have  indicated  that  each  strain  has  a  characteristic  spectrotype. 
Development  of  the  isoelectrofocusing  gels  with  125j_iabeled  anti-idiotype 
antibodies  has  shown  a  striking  similarity  in  the  clonotypes  detected  in  all 
mice  of  a  given  strain,  and  there  appears  to  be  marked  correlation  with  the 
expression  of  crossreactive  idiotypes  as  detected  by  serologic  means. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Many  of 
the  antigens  being  studied  in  this  laboratory  are  difficult  to  obtain  in 
pure  form  (such  as  transplantation  antigens  and  tumor  antigens),  and  it  is 
therefore  important  to  have  a  well-characterized  model  protein  on  which 
initial  experiments  can  be  performed.   In  choosing  models  both  for  mechanistic 
studies  and  for  studies  in  manipulation  of  the  immune  response,  Staphylococcal, 
nuclease  is  a  particularly  attractive  protein.   The  immune  response  to  this 
antigen  has  previously  been  shown  in  this  laboratory  to  be  under  genetic 
control  by  an  H-2-linked  Ir  gene. 

The  development  of  anti-idiotypic  reagents  directed  toward  antibodies  under 
the  control  of  an  H-2-linked  Ir  gene  provides  another  handle  to  study  the 
mechanism  of  Ir  gene  function.   These  antibodies  may  help  to  determine  whether 
the  specificity  of  T  cell  recognition  of  antigens  depends  on  similar  variable 
region  gene  products  to  those  responsible  for  B  cell  or  antibody  specificity. 
They  may  also  lead  to  possible  methods  of  controlling  I_r  gene  expression. 

Proposed  Course  of  Project:   The  mechanism  by  which  in  vivo  treatment  with 
anti-idiotype  leads  to  increased  idiotype  production  will  be  pursued.   Trans- 
fers of  purified  populations  of  T  cells  and  B  cells  from  immunized  mice  and 
anti-idiotype  primed  mice  into  irradiated  recipients  will  be  carried  out. 
The  effect  of  administration  of  inappropriate  anti-idiotype  antibodies  to 
mice  of  various  strains  will  be  assessed.   An  examination  of  the  control  of 
idiotype  expression  at  the  T  cell  level  will  be  attempted  using  the  in  vitro 
anti-TNP  nuclease  plaque-forming  cell  response. 

Each  of  the  recombinant  animals  which  have  been  found  by  assessment  of  idiotype 
in  backcross  progeny  will  be  established  as  a  new  line.   A  variety  of  other 
variable  region  markers  will  then  be  assessed  in  these  animals,  in  an  attempt 
to  develop  a  linear  map  of  the  variable  region  genes. 

Further  study  of  backcross  progeny  in  several  different  strain  combinations 
will  be  performed.  This  should  help  to  determine  recombination  frequencies 
more  accurately  and  should  also  help  to  provide  a  better  linear  map  of  the 
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variable  region.   Attempts  to  determine  the  basis  for  sharing  of  idiotypic 
determinants  between  strains  will  be  made  by  the  examination  of  closely 
related  strains  and  sublines.   This  may  shed  light  on  the  mechanisms  for  the 
generation  of  diversity  of  antibody  specificities. 

The  isoelectrof ocusing  patterns  on  serum  from  animals  treated  with 
anti-idiotype  will  be  performed.   These  patterns  will  be  compared  to  those  we 
have  previously  found  following  antigen  immunization.   Attempts  will  be  made 
to  determine  the  nature  of  the  idiotype  expression  in  anti-idiotype  primed 
animals  which  do  not  demonstrate  measurable  antinuclease  activity.   Such  anti- 
bodies will  be  purified  by  affinity  chromatography  on  anti-idiotype  columns 
and  will  be  examined  for  spectrotype  as  well  as  for  their  ability  to  induce 
anti-idiotype  reactive  with  antinuclease  antibodies.   These  studies  may  help 
to  shed  light  on  the  network  normally  involved  in  the  immune  response  to 
nuclease  and  may  permit  intervention  into  that  network  in  a  specific  manner. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

T-cell-mediated  lympholysis  (CML)  was  generated  in  vitro  against  syngeneic 
murine  spleen  cells  conjugated  with  three  different  haptens:   trinitrophenyl 
(TNP-self),  fluorescein  isoothiocyanate  (FITC-self)  and  1,5  I-AEDANS  (AEDANS- 
self).   Genetic  control  of  CML  responses  to  these  three  haptens  was  observed. 
jj_2k, a  ancj  jj_2b,d  mouse  strains  were  the  respective  genetic  high  and  low 
responders  to  TNP-self  and  FITC-self,  both  of  which  conjugate  the  e-NH2 
groups.   The  reverse  genetic  pattern  was  observed  for  CTL  responsed  to 
AEDANS-self  which  conjugates  with  -SH  groups.   These  differential  response 
patterns  raise  some  interesting  possibilities  concerning  genetic  control 
of  immune  responses  and  the  self  determinants  recognized. 
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Project  Description 

Objectives:   The  primary  objectives  of  this  laboratory  are  to  investigate  the 
function  of  T  lymphocytes,  the  role  of  self  recognition,  and  the  effects  of 
major  histocompatibility  genes  on  the  murine  and  human  immune  systems.   These 
studies  are  being  pursued  using  mouse  and  human  leukocytes  which  are  sensi- 
tized to  autologous  cells  either  modified  with  chemical  agents  (e.g.  the 
trinitrophenyl  group)  or  infected  with  viruses  (e.g.  influenza,  measles). 
The  murine  TNP-self  cytotoxic  system  serves  as  a  basic  model  for  testing 
many  immuno gene tic  questions  concerning  the  role  of  the  MHC  in  immune  regu- 
lation.  The  specific  objective  of  this  project  was  to  continue  in  the 
investigation  of  immunogenetic  parameters  associated  with  the  in  vitro 
generation  of  T-cell  mediated  immunity  of  murine  cells  to  syngeneic  cells 
modified  with  the  TNPgroup.   More  explicitly,  the  project  was  designed  to: 
(a)  analyze  the  dominance  of  K^  TNPself  responses  over  D  end  TNP-self 
responses;  (b)  investigate  the  possibilities  of  generating  helper  T  cells  in 
vivo  for  secondary  in  vitro  cytotoxic  responses  to  TNP-self,  and  to  study 
the  effects  of  helpers  on  restriction,  Ir  gene  control,  cross-reactivity, 
etc.;  (e)  to  compare  the  in  vivo  priming  effects  on  different  types 
of  T-cell  mediated  immunity,  (e.g.,  cytotoxicity  delayed  hypersensitivity 
suppression);  and  (f)  to  compare  the  CTL  results  observed  using  TNP-self 
with  those  obtained  using  the  FITC-self  and  AEDANS-self  haptens. 

Methods  Employed:   For  in  vitro  generation  of  CML  activity  mouse  spleen 
cells  were  sensitized  in  vitro  to  autologous  cells  conjugated  with 
trinitrobenzene  sulfonic  acid  (TNP-self),  or  (N-iodoacetyl-N-(5-sulfonic- 
1-napthyl)  ethylene  diamine  (AEDANS-self)  and  the  effector  cells 

fenerated  were  assayed  on  the  appropriate  hapten  conjugated  or  untreated 
l-Cr-labelled  target  cells. 

Helper  and  suppressor  cells  for  CML  responses  were  generated  by  injection 
of  hapten-conjugated  syngeneic  cells  or  by  skin  painting  with  the  hapten. 
Helper  and  suppressor  cell  activity  was  determined  by  co-culture  of 
irradiated  spleen  cells  from  immunized  mice  with  normal  spleen  cells. 

Major  Findings:   Helper  cell  activity  for  TNP-self  was  demonstrated  in 
genetic  high  responder  (H-2^'a),  but  not  in  low  responder  (H-2°»d)  mouse 
strains.   Although  some  degree  of  hapten  specificity  was  observed, 
helper  cell  activity  could  be  stimulated  with  an  inappropriate  hapten 
(which  does  not  cross-react  at  the  effector  level  with  the  priming 
hapten). 

CML  responses  were  generated  (FITC-self  and  to  AEDANS-self.   The  genetic 
response  patterns  to  FITC-self  was  similar  but  not  identical  to  that 
of  TNP-self.   Thus,  the  H-2k>a  and  H-2b>d  strains  are  the  respective 
high  and  low  responders  to  both  TNP-self  and  FITC-self.   However,  H-2a 
mice  respond  well  to  FITC-H-2Dd  self  whereas  they  respond  poorly  to 
TNP-H-2Dd  self.   The  genetic  responder-non-responder  pattern  was  the 
opposite  for  AEDANS-self,  i.e.,  H-2b>"  mice  were  high  responders, 
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whereas  H-2k>a  mice  were  low  responders.  It  is  noteworthy  in  this 
context  that  the  TNP  and  FITC  haptens  conjugate  primarily  to  E-NH2 
groups  of  cysteines. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
project  is  of  fundamental  immunological  interest  in  that  it  describes  a 
major  histocompatibility  linked  immunological  phenomenon  involving  self 
recognition.   The  recognition  of  self  MHC-coded  structures  in  association 
with  foreign  antigenic  determinants  raises  the  possibility  for  self  recog- 
nition is  important  for  autoimmunity  and  possibly  for  virally-infected 
autologous  cells.   The  finding  that  products  of  the  MHC  are  important  for 
the  antigenic  complex  recognized  as  well  as  for  determining  immune  response 
potential  provides  a  working  hypothesis  for  bifunctional  MHC  control  of 
disease  susceptibility  in  those  examples  of  HLA-associated  diseases  in 
man.   The  intricate  immunoregulatory  phenomena  identified  in  the  hapten-self 
cytotoxic  system  permits  us  to  look  for  similar  patterns  in  the  virally 
infected  murine  and  human  models,  and  to  attempt  to  determine  whether 
such  mechanisms  could  be  operating  in  the  immune  systems  of  the  intact 
individual,  in  either  an  infectious  or  neoplastic  state. 

Proposed  Course  of  Project:   Investigation  of  this  model  will  continue  in 
order  to  determine:  (a)  whether  different  self  MHC  products  are  recognized 
by  helper,  and  cytotoxic  T  cells;  (b)  whether  immune  response  genes  can 
be  identified  for  specificities  other  than  H-20"-TNP ,  and  to  map  such 
genes;  (d)  the  mechanisms (s)  for  controlling  the  poor  response  to  H-2D"-TNP; 
(d)  the  mechanisms  for  priming  and  suppression  of  responses  to  TNBS-injected 
mice;  (f)  the  role  of  helper  cells  in  hapten-self  CML  responses;  and  (g) 
the  H-2-coded  self  determinants  utilized  in  different  hapten-self  systems, 
e.g.,  TNP-self  vs  AEDANS-self. 

Publications 

Pettinelli,  C,  Schmitt-Verhulst,  A.  M.,  and  Shearer,  G.  M.:   Generation 
of  TNP-specific  H-2-restricted  murine  cytotoxic  cells  as  a  function  of 
TNP-cell  surface  presentation.   In  Reithmuller,  G.,  Wernet,  P.,  and 
Cudkowicz,  G.  (Eds.):   Natural  and  Induced  Cell-Mediated  Cytotoxicity. 
Academic  Press,  pp.  129-134,  1979. 

Shearer,  G.  M. ,  Schmitt-Verhulst,  A.  M. ,  Pettinelli,  C.  B. ,  and  Shaw,  S.: 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
Mouse  F]_  spleen  cells  develop  cytotoxic  activity  in  vitro  against  parental 
cells.   The  antigenic  differences  detected  appear  to  be  controlled  by  a 
structural  gene  (Hh-1)  mapping  in  or  near  the  D  region  of  the  H-2  complex. 
Although  a  number  of  positive  correlations  have  been  demonstrated  between 
murine  hemopoietic  graft  rejection  in  vivo  and  _Fj_  anti-parent  cytotoxicity 
in  vitro,  certain  differences  have  been  found  between  these  two  F]_  anti- 
parent  reactions.   These  include  the  observations  that  marrow  graft  rejection 
does  not  require  priming  and  is  not  dependent  upon  thymus-dependent  cells, 
whereas  the  development  of  cytotoxic  cells  requires  sensitization  and  is 
effected  by  T-lymphocytes.   The  same  mechanism  is  also  responsible  for  the 
rejection  of  hemopoietic  allografts.   Injection  of  F]_  mice  with  parental 
spleen  cells  (which  have  graft  vs.  host  potential)  results  in  the  specific 
abrogation  of  F^  anti-parent  reactions  in  vitro  and  in  vivo,  whereas  in- 
jection of  parental  bone  marrow  is  associated  with  some  degree  of  priming 
for  F]_  anti-parent  cytotoxicity. 
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Project  Description 

Objectives:   The  objective  of  this  project  was  to  investigate  in  more  detail 
the  immunogenetic  parameters  associated  with  the  generation  of  murine  F^ 
anti-parent  cytotoxic  effector  cell  in  vitro,  and  to  compare  them  with 
allogeneic  cytotoxicity  in  vitro,  and  F]_  anti-parent  hemopoietic  graft 
rejection  in  vivo. 

Methods  Employed:   Spleen  cells  from  different  F]^  mouse  strains  were  sen- 
sitized in  culture  against  parental  spleen  cells.   The  effector  cells 
generated  were  assayed  on  ^lcr-labelled  target  cells  expressing  different 
H-2  haplotypes. 

Major  Findings:   A  number  of  similarities  have  been  observed  between  F^ 
anti-parent  marrow  graft  rejection  in  vivo  and  the  development  of  F]_  anti- 
parent  cytotoxic  effector  cells  in  vitro.   However,  a  number  of  differences 
were  also  noted.   These  include  the  findings  that:  a)  the  in  vivo  rejection 
process  does  not  require  active  immunization,  whereas  the  development  of 
cytotoxic  effectors  does;  b)  marrow  graft  rejection  is  neither  effected 
by  nor  dependent  upon  thymus-derived  cells,  whereas  the  F]^  anti-parent 
effectors  and  their  precursors  are  T-cells;  and  c)  the  recognition  respon- 
sible for  F]_  anti-parent  graft  rejection  appears  to  involve  structures 
coded  for  by  a  gene(s)  mapping  near  H-2D,  whereas  for  F^  anti-parent 
cytotoxicity,  products  of  additional  genes  within  the  H-2  complex  are 
also  important.   Similar  to  allogeneic  and  TNP-self  cytotoxic  responses, 
the  generation  of  F^  anti-parent  effector  activity  requires  the  presence 
of  glass-adherent  cells. 

Since  the  cytotoxic  response  to  Hh  determinants  is  weaker  that  that  to  either 
alloantigens  or  TNP-self  determinants,  attempts  were  made  to  enhance  the  re- 
sponse by  injecting  F]_  mice  with  parental  and  F^  cells  expressing  Hh  determi- 
nants (as  a  means  of  priming).  Priming  effects  were  obtained  with  irradiated 
parental  spleen  cells  or  unirradiated  parental  marrow  cells.  Unirradiated 
parental  spleen  cells  resulted  in  unresponsiveness  specific  for  the  haplotype 
of  the  parental  cells  injected. 

No  work  has  been  done  on  this  project  during  the  past  year. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   These 
comparative  studies  may  be  of  importance  for  understanding  the  common  and 
distinct  immune  pathways  for  radioresistant  and  radiosensitive  components  of 
graft  rejection.   Such  an  understanding  may  be  of  significance  since  marrow 
graft  rejection  is  considered  to  be  a  problem  of  transplantation. 

Proposed  Course  of  Project:   Since  pre-injection  of  F]_  mice  with  parental 
spleen  cells  (but  not  with  parental  bone  marrow  cells)  results  in  specific 
abrogation  of  parental  marrow  graft  resistance,  parental  tumor  cell 
resistance,  and  anti-parental  cell  cytotoxicity,  we  plan  to  investigate  the 
cellular  and  MHC-linked  genetic  parameters  associated  with  induction  (graft 
vs.  host  reaction?)  and  maintenance  (tolerance  suppression?)  of  the  induced 
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F^  anti-parent  unresponsiveness  (see  accompanying  report  on  the  "Effects  of 
graft  vs.  host  reaction  on  cell-mediated  immunity").   We  also  plan  to 
investigate  the  possibility  that  the  homozygous  state  of  the  parental  H-2 
gene  products  provides  a  significantly  greater  "dose"  of  relevant  H-2 
coded  self  products  that  does  the  heterozygous  state  of  the  F]_,  by  using 
limiting  amounts  of  known  modifying  agents  (e.g.  low  concentrations  of 
TNBS)  and  attempting  to  artificially  create  an  F^  anti-parent  response. 
Attempts  will  be  made  to  provide  helper  T  cells  for  F^  anti-parent  CTL 
by  helpers  for  TNP-self  and  for  the  H-Y  antigen.   By  using  chimeras, 
studies  will  be  performed  to  determine  whether  the  Fj_  anti-parent  CTL 
response  is  H-2  restricted. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

(1)  Detailed  equilibrium  and  kinetic  studies  have  suggested  a  mechanism  by 
which  multivalent  immune  complexes  interact  with  Fc  receptors.   The  mechanism 
emphasizes  the  role  of  receptor  density  on  the  affinity  with  which  a  cell 
binds  multivalent  ligands .   (2)  A  fluorescent  assay  employing  flow  micro- 
fluorometry has  been  developed  for  quantitating  Fc  receptors  on  individual 
cells.   The  method  is  especially  useful  for  studying  heterogeneous  populations 
of  cells.   (3)  IgG  Fc  receptors  were  studied  and  compared  with  the  IgE  re- 
ceptors on  rat  basophilic  leukemia  cells.   IgG  and  IgE  were  bound  by  distinct 
receptors;  the  IgE  receptor  binds  only  IgE,  while  the  IgG  receptor  binds 
both  IgG  and  IgE.   (4)  P388D^  cells  were  found  to  internalize  immune  complexes 
rapidly  at  37°.   Internalization  also  occurs  for  IgG-dimers,  trimers,  and 
perhaps  monomers.   Subsequent  to  internalization,  IgG  is  degraded  to  a  50,000 
M.W.  component.   (5)  Effector  and  target  cells  have  been  studied  in  "franked" 
ADCC  assays.   It  has  been  found  that  mouse  and  rat  spleen  cells  and  human 
peripheral  blood  lymphocytes  can  serve  as  effectors  in  this  system.   Tumor 
cells  from  a  human  B-cell  line  can  be  lysed  by  franked  rat  and  human  cells. 
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Project  Description 

Objectives:   (1)  To  investigate  the  interactions  of  the  constant  parts  of 
immunoglobulins  with  the  various  effector  systems  employed  in  immune  re- 
actions; (2)  to  study  the  relationship  of  antigenic  recognition  to  these 
interactions  and  to  study  the  molecular  and  cellular  bases  of  these  phenomena. 

Methods  Employed:   Organic  synthesis,  gel  filtration,  ion  exchange  chromato- 
graphy, polyacrylamide  gel  electrophoresis,  complement  fixation,  radio- 
labelling  of  proteins,  tissue  culture,  binding  assays,  antibody-dependent 
cytotoxicity  assays,  cell  separations,  flow  microfluorometry,  computer 
analyses. 

Major  Findings:   1.  Previously  we  have  developed  techniques  for  measuring 
bindings  of  J-Z-'I  model  immune  complexes  to  Fc  receptors  on  cells.   Using 
these  methods  we  were  able  to  quantitate  the  numbers  of  Fc  receptors  on  cells 
and  obtain  estimates  of  the  affinities  of  these  complexes  for  the  receptors. 
More  recently  the  accuracy  of  these  measurements  has  been  improved  by 
incubating  51-Cr-labeled  cells  with  125i_0Hg0mers.   ^he  numbers  of  IgG 
molecules  bound  per  cell  are  then  calculated  from  l25j/51cr  ratios  from 
cells  which  have  sedimented  through  phthalate  oils.   The  double-label 
techniques  has  allowed  us  to  quantitate  IgG  binding  with  a  precision  of 
1-2%. 

In  our  original  study,  the  model  immune  complexes  were  dimers  and  trimers 
of  rabbit  IgG-anti-Dnp  antibodies  which  had  been  covalently  cross  linked 
at  their  combining  site  regions  with  the  bivalent  affinity  labeling  reagent, 
(BADL-pro)2-EDA.   Since  that  time,  another  bivalent  affinity  label,  bis- 
Dnp-pimelic  ester  (BDPE)  has  been  synthesized,  and  oligomers  have  been 
prepared  from  anti-Dnp  antibodies  cross  linked  with  this  reagent.   We  have 
now  returned  to  the  binding  studies  to  see  if  we  could  use  both  oligomers 
and  the  double-labeling  techniques  to  determnine  the  mechanisms  with  which 
the  model  immune  complexes  bind  to  Fc  receptors. 

The  simplest  model  which  would  describe  the  interaction  of  an  IgG  dimer  (D) 
with  free  Fc  receptors  (R)  on  a  cell  can  be  written: 

Ki  (PR) 

(1)  D  +  R  < >  DR  KX  =   2(D)  (R) 

where  DR  is  a  monovalently  bound  dimer  and  K^  is  the  equilibrium  constant, 
and 

K2  2(DR2)       (DR2)   ? 

(2)  DR  +  R  < >  DR2  K2  =   (DR)  (R)   =  K1(D)(R)': 

where  DR2  is  dimerically  bound  dimer  and  K2  is  the  equilibrium  constant 
for  the  second  step.   In  collaboration  with  Dr.  Charles  DeLisi,  a 
mathematical  formulation  of  this  model  has  been  developed. 
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The  total  bound  dimer  B^  can  be  written: 

(3)  BT  =  DR  +  DR2  =  2^  (D)  (R)  +  K-^CDXR)2 
and  the  total  receptors /cells ,  R-p: 

(4)  Rj  =  R  +  1/2  DR  +  DR2  =  R  +  K,(D)(R)  +  K.,K2(D)(R)2. 

Equations  3  and  4  have  been  used  to  fit  data  for  the  binding  of  IgG  dimers 
to  metabolically  inhibited  P388D^  cells,  and  similar  equations  with  a  third 
term  have  been  used  for  the  trimer.   Values  of  K^  and  Rj   have  been  determined 
independently  in  monomer  binding  and  inhibition  experiments.   Calculations 
have  been  made  using  the  MLAB  program  on  the  NIH  PDP-10  computer. 

One  feature  of  the  simple  "cross  linking"  model  (equations  1  and  2)  for 
oligomer  binding  is  that  Scatchard  plots  should  show  convex  curvature. 
Oligomers  cross-linked  with  BDPE  showed  this  behavior,  but  the  oligomers 
produced  with  (BADL-pro )2~EDA  gave  linear  Scatchard  plots.   This  indicated 
that  a  simple  cross-linking  model  did  not  describe  the  binding  of  oligomers 
cross  linked  with  (BADL-pro)2-EDA  to  cells.   The  reason  for  linearity  of 
the  Scatchard  plots  for  (BADL-pro)2~EDA  oligomers  was  found  to  be  due  to 
the  tendency  for  these  oligomers  to  associate  on  the  cell  surface  subsequent 
to  binding.   The  (BADL-pro )2~EDA  oligomers  will  associate  in  free  solution 
unless  10~^  M  Dnp-  e -aminocaproate  has  been  added.   Association  is  due  to 
the  presence  of  unbound  Dnp  groups  and  unoccupied  binding  sites  in  these 
oligomers.   The  free  sites  will  bind  the  Dnp  groups,  and  lead  to  further 
aggregation  unless  Dnp  hapten  is  present  in  solution  to  occupy  the  free 
sites.   Apparently,  on  the  cell  surface,  the  concentrations  of  free  sites 
and  Dnp  groups  on  the  oligomers  becomes  much  higher  than  the  concentration 
of  competing  hapten,  and  association  occurs.   We  verified  that  association 
was  the  cause  for  deviation  from  the  cross-linking  model;  binding  curves  of 
the  (BADL-pro )2~EDA  oligomers  became  non-linear  and  approached  behaviour 
expected  for  a  simple  cross  linked   system  (equations  1  and  2),  when  high 
concentration  of  hapten  (approximately  10~3  m)  were  used  in  the  binding 
assay. 

The  binding  of  BDPE  dimers  and  trimers  fit  a  simple  cross-linking  model, 
except  that  a  fraction  (approximately  one-third)  of  the  oligomers  bound  with 
higher  affinity  than  the  rest.   In  contrast  monomeric  IgG  bound  with  a  single 
affinity,  as  determined  from  inhibition  studies.   The  simplest  explanation 
for  the  high  affinity  binding  of  oligomers  is  that  some  of  the  receptors 
might  be  patched  on  the  cell  surface.   Since  receptor  concentrations  determine 
the  affinity  with  which  a  multivalent  ligand  binds  to  cells  in  a  simple 
cross-linking  model,  receptors  at  local  high  concentrations  would  have  a 
higher  affinity  for  dimers  than  those  in  low  density  areas. 

Kinetic  studies  are  also  being  done  with  oligomers  cross-linked  with  both 
reagents.   One  diagnostic  feature  of  the  simple  cross-linking  model  is  that 
after  washing  away  unbound  oligomer  the  rate  of  release  of  bound  ^-'1 
oligomers  from  cells  should  increase  in  the  presence  of  unlabeled  monomeric 
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IgG.   This  is  because  the  normal  route  of  release  is  expected  to  pass  through 
the  monomerically  bound  intermediate.   Monomerically  bound  dimer  could  either 
interact  with  a  free  receptor  to  become  dimerically  bound,  or  detach  from 
the  cell.   If  unlabeled  IgG  is  added  to  cells  then  it  will  compete  with  the 
monomically-bound  dimer  for  free  receptor,  and  "push"  the  oligomer  toward 
detachment. 

Increased  release  rates  are  observed  when  cells  bearing  radiolabeled  dimers 
(cross  linked  with  both  reagents)  are  incubated  with  the  monomeric  proteins. 
This  observation  is  consistent  with  a  cross  linking  model  and  rules  out  a 
simple  single  step  binding  mechanism.   Experiments  are  now  being  done  to 
determine  how  well  the  kinetics  follow  the  simple  model;  preliminary  results 
indicate  that  BDPE  dimers  exchange  between  free  and  cell  bound  states  with 
both  a  fast  and  a  slow  process.   These  data  are,  at  the  current  state  of 
analysis,  consistent  with  the  two-affinities  observed  for  the  BDPE  dimers  in 
the  equilibrium  studies. 

2.   We  are  continuing  to  study  Fc  receptors  on  individual  cells  by  flow 
microfluorometry  (FMF).   A  technique  has  been  developed  for  labeling  cells 
with  fluorescein  on  rhodamine  such  that  fluorescence  emission  is  proportional 
to  the  number  of  IgG  molecules  bound  per  cell. 

Cells  are  first  treated  with  (BADL-pro)2-EDA  dimers  or  trimers.   Because 
these  oligomers  associate  on  the  cell  surface,  they  remain  cell  bound  after 
washing  (at  0°  in  0.2%  sodium  azide)  for  long  periods  of  time.   Another 
property  of  these  oligomers  is  that  they  saturate  Fc  receptors  at  low 
concentrations  in  1:1  stochiometry  of  IgG  molecules  to  Fc  receptors. 

After  washing,  cell-bound  oligomers  are  stained  with  fluorescent  goat  anti- 
rabbit  antibodies  and  analyzed  in  the  fluorescent  activated  cell  sorter.   By 
using  -'••^^1-oligomers ,  it  can  be  shown  that  fluorescence  emission  is 
linearly  related  to  bound  oligomer.   When  cells  are  saturated  with  oligomer, 
then  fluorescence  is  proportional  to  the  numbers  of  Fc  receptors  on  cells. 

The  method  has  been  used  to  show  that  the  Fc  receptors  on  P388D^  cells 
vary  over  about  a  fivefold  range,  that  cell  sorter  histograms  of  numbers 
of  cells  with  a  given  number  of  receptors  per  cell  peaks  at  about  3xlCH 
receptors  per  cell,  and  that  the  histograms  are  Gaussian,  with  a  skew  toward 
high  fluorescence.   Normal  mouse  spleen  cells  and  normal  human  peripheral 
blood  lymphocytes  give  histograms  with  two  peaks,  one  of  which  occurs  in  the 
position  of  unstained  (negative)  cells.   The  positive  cells  of  human  lympho- 
cytes peak  at  about  4x1Cp  receptors  per  cell,  and  are  about  as  heterogeneous 
in  receptor  density  as  P388IH_  cells,  while  those  from  normal  mouse  spleen 
peak  at  about  2x10^  receptors  per  cell,  and  are  much  more  heterogeneous. 

We  are  now  working  toward  developing  methods  by  which  two  fluorescent  labels, 
one  red  and  one  green,  can  be  used  on  the  same  cells.   Our  cell  sorter  is 
equipped  with  two  lasers  and  can  interrogate  each  cell  for  two  labels.   For 
example  it  should  be  possible,  by  staining  cells  for  both  Fc  receptors  and 
Thy  1  to  determine  in  a  single  experiment  the  number  and  distribution  of  Fc 
receptors  on  mouse  T  cells. 
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In  order  to  do  these  experiments,  a  fluorescent  label,  the  sulfonyl  chloride 
derivative  of  sulf orhodamine  101  has  been  synthesized  and  used  to  label 
proteins.   This  dye  has  excitation  and  emission  properties  which  allow 
detection  independent  from  the  second  label,  fluorescein  isothiocyanate. 
One  other  compound,  XRITC,  has  also  been  employed  in  double  label  studies; 
however,  this  derivative  tends  to  precipitate  the  protein  with  which  it  is 
conjugated  and  relatively  low  levels  of  substitution  have  been  achieved  with 
XRITC.   The  new  derivative  gives  antibodies  with  much  higher  degrees  of 
conjugation,  and  thus  higher  levels  of  emission. 

3.   We  have  oberved  that  cells  from  a  rat  basophilic  leukemia  (RBL)  line 
(the  2H3  clone  of  the  RBL-IV  line)  have  IgG  receptors,  in  addition  to  other 
receptor  for  IgE  which  have  been  extensively  studied  in  other  laboratories. 
The  IgG  receptors  have  been  characterized  with  the  radiolabel  binding  assay 
and  by  flow  microfluorometry,  and  have  been  compared  with  the  IgE  receptors. 

The  binding  of  monomeric  IgG  to  the  RBL  cells  is  a  weak,  interaction  (Ka  = 
10^  M~l  and  has  been  characterized  using  IgG  oligomers.   In  contrast, 
monomeric  IgE  binds  very  tightly  to  IgE  receptors  on  the  RBL  cells 
(irreversibly  in  our  hands,  Ka  >  10^2  m--"-  as  reported  by  others).   IgG 
will  not  bind  to  these  receptors;  cells  pre-coated  with  IgE  bind  the  same 
number  of  IgG  dimers  as  cells  untreated  with  IgE.   On  the  other  hand,  IgE 
will  bind  to  the  IgG  receptors  (Ka  =  3  x  10*>  M~l  for  the  monomer).   IgE 
dimers  will  bind  to  cells  precoated  with  IgE,  presumably  through  the  IgG 
receptors. 

Cross-linking  of  IgE  on  the  RBL  cells  elicits  histamine  release,  whereas 
cross  linking  of  IgG  receptors  with  IgG  oligomers  will  not.   No  function  has 
been  correlated  with  the  IgG  receptors  although  preliminary  studies  show 
that  cross-linked  IgG  (but  not  IgE)  is  internalized  rapidly  by  the  RBL  cells. 

Flow  microfluorometry  studies,  using  X-RITC-IgE  and  f luorescein-treated  IgG 
oligomers  indicate  that  the  two  receptors  are  distributed  independently  of 
each  other  on  RBL  cells;  thus  some  cells  have  low  numbers  of  IgE  receptors 
and  high  numbers  of  IgG  receptors  and  vice  versa.   The  average  number  of  Fc 
(IgG)  receptors  is  about  two  thirds  that  for  IgE. 

These  studies  are  important  for  two  reasons.   First  RBL  lines  have  been  used 
in  several  investigations  of  IgE  receptors,  including  binding  studies,  receptor 
isolation  studies,  and  histamine  release  experiments.   Clearly  interpretations 
of  these  experiments  must  take  into  account  that  the  same  cells  also  contain 
significant  numberof  IgG  receptors,  which  however,  also  bind  IgE.   A  second 
important  reason  for  investigating  IgG  receptors  on  these  cells  Is  that 
normal  basophils  have  also  been  found  to  express  both  IgG  and  IgE  receptors. 
Because  basophils  are  obtainable  only  in  low  numbers,  quantitative  studies 
will  have  to  be  done  with  cell  lines,  and  then  checked  against  normal  cells. 
It  is  possible  that  the  IgG  receptors  on  normal  cells  have  some  previously 
unknown  function  in  the  allergic  response. 
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4.  When  P388Dj  cells  are  incubated  with  IgG  oligomers  at  0°,  the  oligomers 
bind  to  the  cells,  and  remain  on  the  cell  surface  in  equilibrium  with  unbound 
oligomer.   At  37°  however,  the  oligomers  are  internalized  by  the  cells. 
Recently  we  have  begun  to  examine  the  internalization  process.   It  has  been 
found  that  large  immune  complexes  are  internalized  very  rapidly,  with  a  half 
time  of  less  than  five  minutes.   While  on  the  cell  surface,  the  immunoglobulin 
remains  intact,  but  after  being  internalized  the  IgG  is  slowly  degraded  into 
50,000  M.W.  fragments. 

P388D^  cells  also  internalize  dimers  and  trimers  and  preliminary  studies 
indicate  that  monomers  are  also  internalized;  there  does  not  seem  to  be  a 
large  dependence  of  internalization  rate  upon  size.  We  are  currently 
investigating  the  internalization  process  In  greater  detail  in  order  to 
relate  it  to  phagocytosis  and  pinocytosis. 

5.  We  have  continued  the  study  of  "franked"  effector  cells.   Franking 
procedures  cause  IgG  antibodies  to  adhere  to  various  types  of  cells,  and 
in  some  cases,  cause  these  cells  to  become  potent  in  vitro  killers  of 
antigen-coated  target  cells.   The  previous  studies  were  performed  with 
P388I>l  cells  franked  with  anti-TNP  antibodies  as  effectors  and  TNP-coated 
chicken  red  blood  cells  (TNP-CRBC)  as  targets. 

More  recently  we  have  observed  that  franking  can  occur  in  other  systems. 
For  example,  both  mouse  and  rat  spleen  cells  and  human  peripheral  blood 
lymphocytes  can  be  franked  with  anti-TNP  antibodies,  and  will  subsequently 
lyse  TNP-CRBC  in  vitro.   In  addition,  franked  rat  spleen  cells  and  franked 
human  lymphocytes  will  lyse  cells  from  the  human  B-cell  line,  SL,  which 
have  been  treated  with  TNBS. 

Attempts  have  been  made  to  use  franked  effector  cells  to  lyse  trypanosomes. 
However,  it  has  proven  difficult  to  devise  a  rapid  in  vitro  assay  to  measure 
cytolysis  of  these  parasites. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
recognition  of  foreign  substances  by  immunoglobulins  elicits  a  number  of 
reactions  which  normally  lead  to  their  elimination  from  the  body.   The  pur- 
pose of  this  project  is  to  examine  the  molecular  events  which  occur  as  a 
result  of  antigenic  recognition.   It  is  hoped  that  these  studies  will  en- 
hance our  understanding  of  these  processes  and  allow  us  to  better  control 
Immune  reactions.   An  ultimate  goal  is  to  enhance  the  immune  response 
toward  neoplastic  cells. 

Proposed  Course  of  Project:   1.   The  study  of  oligomer  binding  to  cells 
should  be  completed  shortly.   Kinetic  measurements  will  then  be  made  and 
analyzed  to  further  elucidate  the  binding  mechanism. 

2.  The  emphasis  of  studies  on  P388D^  cells  will  shift  to  an  investigation  of 
the  internalization  procedure.   Specifically,  we  wish  to  know  whether  there 
is  a  constant  turnover  of  receptors  or  whether  internalization  Is  signalled 
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by  the  binding  of  immune  complexes  on  the  cell  surface.   We  would  also 
like  to  know  which  cellular  structures,  e.g.  microfilaments,  coated  pits, 
microtubules  etc  are  involved  in  internalization  and  which  metabolic 
processes  are  related  to  this  effector  function. 

3.  The  cell  sorter  project  will  be  adapted  to  dual  label  studies.   We 
hope  that  with  a  proper  choice  of  antibodies  we  will  be  able  to  interrogate 
cells  for  Fc  receptors  and  a  second  label,  simultaneously.   Thus,  for 
example,  it  should  be  possible  to  determine  the  ranges  of  Fc  receptor 
densities  on  T  cells,  or  on  cells  having  surface  IgM  or  IgD  in  a  single 
experiment.   This  project  has  the  potential  of  showing  how  Fc  receptors 
change  with  time  on  various  populations  of  cells  during  culture,  and 
perhaps  to  give  information  on  how  Fc  receptors  function  on  cells  other 
than  those  of  the  macrophage  line,  P388Di- 

4.  Studies  of  basophilic  leukemia  lines  will  continue,  in  collaboration 
with  Dr.  Reuben  Siraganian  and  his  collaborators.   Several  mouse  lines 
have  been  developed,  and  some  of  these  release  histamine  when  IgE  and  IgG 
receptors  are  cross  linked.   We  hope  this  study  will  provide  information  on 
how  these  two  receptors  might  interact  in  the  mouse,  and  suggest 
experiments  to  perform  on  normal  mouse  cells. 

5.  Cytotoxic  studies  with  franked  effector  cells  will  continue,  with  the 
purpose  of  ascertaining  which  types  of  cells  can  serve  as  effectors,  and 
which  type  of  cells  can  be  killed  in  this  system.   We  are  planning  to 
study  in  vitro  cytotoxicity  against  murine  tumor  cells  by  franked  syngeneic 
effectors  with  the  ultimate  goal  of  studying  this  type  of  cytotoxicity  in 
vivo. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Previous  investigations  have  described  both  antigen-specific  and  antigen- 
nonspecific  T  cell-mediated  regulatory  mechanisms  capable  of  suppressing 
the  in  vitro  generation  of  cell-mediated  cytotoxicity.   Further  experiments 
have  been  directed  at  determining  the  cellular  interactions  involved  in  the 
in  vitro  generation  of  suppressor  cells,  and  at  analyzing  genetic  differences 
In  the  abilities  of  different  inbred  mouse  strains  to  generate  suppressor 
cells. 
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Project  Description 

Objectives:   In  addition  to  the  effector  cells  generated  in  response  to 
antigen  stimulus,  there  has  been  increasing  data  presented  to  suggest  that 
cell-mediated  regulatory  influences  are  also  activated  by  antigenic  stimulus. 
It  has  been  the  object  of  these  studies  to  define  the  regulating  influence 
governing  the  generation  of  T  cell-mediated  responses. 

Methods  Employed:   T  cell-dependent  suppression  of  cell-mediated  lympholysis 
was  generated  by  in  vitro  culture  of  normal  murine  spleen  cells. 

I.  The  cellular  requirements  for  generation  of  T  cell-dependent  suppression 
were  studied  by:  1)  examining  the  effect  of  pretreating  normal  spleen  cells 
with  anti-la  reagents  and  C  on  their  ability  to  generate  suppressors,  and 

2)  fractionating  spleen  cells  by  passage  over  Sephadex  G-10  columns  and 
analyzing  the  suppressor  activity  in  column-passed  populations. 

II.  The  ability  of  different  inbred  mouse  strains  to  generate  suppressor 
activity  in  vitro  was  compared. 

Major  Findings:  I.   Activation  requirements  for  culture-induced  generation 
of  suppressor  cells.   The  pretreatment  of  normal  spleen  cells  with  anti-la 
reagents  and  C  abrogated  the  ability  of  these  cells  to  generate  suppressors 
during  culture,  although  the  treated  cells  were  still  capable  of  themselves 
giving  alloantigen-induced  cell-mediated  cytotoxicity.   In  contrast, 
treating  cells  with  anti-la  and  C  after  they  had  developed  suppressor 
activity  was  without  effect.   These  findings  established  a  requirement  for 
an  la  positive  population  which  participates  in  the  generation  of  suppressor 
cells.   Sephadex  G-10  passed  spleen  cells  were  also  unable  to  generate 
suppressor  activity.   In  these  experiments,  it  was  found  that  the  ability 
to  generate  suppressors  was  reconstituted  by  the  addition  of  small  numbers 
of  splenic  adherent,  radiation-resistant  non-T  cells.   In  order  to  study 
the  mechanisms  of  "culture-induced"  suppressor  activation,  it  was  tested 
whether  or  not  there  is  a  requirement  for  heterologous  protein  in  suppressor 
cell  induction.   Culture  in  the  presence  of  normal  mouse  serum  was  as 
effective  in  generating  T  suppressor  cells  as  was  culture  in  the  presence 
of  fetal  calf  serum.   These  findings  are  consistent  with  the  interpretation 
that  suppressor  cell  activation  occurs  spontaneously  after  removal  from  the 
regulatory  influences  of  the  in  vivo  environment. 

II.   Strain  differences  in  the  ability  to  generate  suppressors.   BALB/c 
(H-2^)  and  BIO  (H-2a)  spleen  cells  generated  significantly  more  active 
suppressor  populations  than  B10-D2  (H-2a)  spleen  cells.   In  mixing  experi- 
ments, it  was  found  that  BALB/c  suppressors  were  efficient  in  suppressing 
the  cell-mediated  cytotoxic  response  of  B10.D2  cells,  while  B10.D2  sup- 
pressors were  not  effective  at  suppressing  BALB/c  responses.   The  defect 
thus  appears  to  be  in  the  ability  of  B10.D2  cells  to  suppress,  rather 
than  in  a  difference  in  susceptibility  to  suppression. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   States 
of  in  vivo  tolerance  or  immune  hyporesponsiveness  have  been  associated  with 
active  suppressive  populations  in  a  number  of  systems.   In  addition,  the 
possible  role  of  specific  or  nonspecific  immune  suppression  in  the  evaluation 
or  progression  of  malignancy  has  been  suggested.   The  studies  described  above 
may  provide  information  concerning  the  mechanism  of  such  in  vivo  immuno- 
suppression and  possible  means  of  modifying  the  suppression  as  a  therapeutic 
manipulation  of  the  immune  response. 

Proposed  Course  of  Project:   Further  studies  are  in  progress  to  determine  the 
relationship  between  the  la  positive  cell  and  the  adherent  non-T  cell  par- 
ticipating in  the  generation  of  suppression.   The  genetic  basis  for  the 
observed  strain  difference  in  suppressor  generation  is  under  study. 

Publications 

Hodes,  R.  J.  and  Hathcock  K.  S.:   Regulatory  mechanisms  in  cell-mediated 
immune  responses.   IV.   Evidence  for  the  spontaneous  generation  of  suppressor 
cells  in  vitro.   Transplantation  28:   430-432,  197  9. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Antibodies  specific  for  the  idiotype(s)  of  anti-(T,G)-A — L  antibodies  of  two 
different  mouse  strains  (C57Bl/10Sn  and  C3H.SW)  have  been  obtained.   The 
idiotype(s)  of  these  two  strains  are  distinct  and  the  anti-(T,G)-A — L 
antibodies  of  the  majority  of  individuals  of  each  strain  express  identical 
or  cross-reactive  idiotype(s).   Since  the  ability  of  mice  to  respond  to 
(T,G)A — L  is  under  the  control  of  H-2  linked  Ir  genes,  these  anti-idiotype 
antibodies  are  being  used  in  conjunction  with  radioimmunoassay  of  the  binding 
of  (T,G)-A — L  to  anti-(T,G)-A — L  antibodies  as  well  as  both  in  vitro  and  in 
vivo  humoral  response  assays  to  evaluate  the  cellular  and  genetic  control  of 
idiotype  expression  as  well  as  the  role  of  idiotype-bearing  molecules  in 
regulation  of  the  immune  response.   T  lymphocytes  express  anti-(T,G)-A — L 
idiotype(s)  identical  to  or  cross-reactive  with  those  found  on  anti-(T,G)A — L 
antibodies  of  the  same  strain.   Expression  of  similar  or  identical  idiotypes 
is  found  on  both  IgM  and  IgG  antibodies,  and  expression  of  these  idiotypes  is 
controlled  (at  least  in  part)  by  genes  linked  to  the  heavy  chain  allotype 
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Project  Description 

Objectives :    1.   Determine  the  genetic  control  of  idiotype  expression  on 
anti-(T,G)-A — L  antibodies. 

2.  Determine  the  immunocompetent  cell  types  which  express  idiotype  bearing 
molecules  (receptors). 

3.  Evaluate  the  role  of  idiotype-bearing  molecules  in  regulation  of  the 
immune  response. 

Methods  Employed:   1.   Preparation  of  anti-idiotypic  antisera  by  immunization 
of  Lewis  rats  with  antigen  affinity  purified  murine  anti-(T,G)-A — L  anti- 
bodies and  adsorbtion  on  normal  mouse  globulins. 

2.  Radioimmunoassay  that  measures  the  binding  of  radiolabelled  (T,G)-A — L  by 
anti-(T,G)-A — L  antibodies.   Anti-idiotypic  activity  is  measured  as  inhibi- 
tion of  (T,G)-A — L  binding. 

3.  Enzyme-linked  immunoabsorbant  assay  (Elisa)  which  measures  the  binding  of 
(T,G)-A — L  specific  antibody  in  (T,G)-A — L  coated  microtiter  plates. 

4.  Immunization  of  mice  of  different  strains,  including  congenic  resistant 
and  recombinant  inbred  lines,  with  (T,G)-A — L  and  determining  via  radio- 
immunoassay which  mice  bear  idiotypes  defined  by  these  antisera. 

5.  Several  antigen  specific  immune  response  assays  including:   a)   in  vitro 
primary  antibody  forming  cell  assay,  and  b)   in  vitro  secondary  antibody 
synthesis  assay. 

Major  Findings :   1.   The  following  antisera  have  been  produced:   Lewis  anti- 
[C3H.SW  anti-(T,G)-A— L]  and  Lewis  anti-[B10  anti-(T,G)-A— L] .   After 
adsorbtion  on  normal  globulin  from  C3H.SW  and  BIO  mice,  respectively,  the 
antisera  have  been  shown  to  be  directed  against  idiotypic  determinants  by  a 
variety  of  criteria.   The  idiotype(s)  of  these  two  strains  are  distinct,  and 
the  anti-(T,G)-A — L  antibody  of  the  majority  of  individuals  of  each  strain 
express  identical  or  crossreactive  idiotype(s). 

2.  Genetic  studies  with  allotype  congenic  strains  revealed  that  the 
expression  of  anti-(T,G)-A — L  idiotypes  is  controlled  by  genes  linked  to  the 
heavy  chain  allotype  locus.   These  studies  do  not  exclude  regulation  by  other 
genes.   Similar  or  identical  idiotypes  are  present  on  primary  IgM  antibodies 
and  secondary  IgG  antibodies. 

3.  Using  a  previously  described  primary  in  vitro  antibody  forming  cell,  it 
has  been  found  that  the  Lew  anti-[B10  anti-(T,G)-A— L]  sera  inhibits  the 
response  to  (T,G)-A — L-TNP  but  not  KLH-TNP  in  BIO  mice,  but  not  in  C3H.SW  or 
A. BY  mice.   Mixture  experiments  in  which  T  lymphocytes  from  another  H-2'3 
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strain  (A. BY)  were  mixed  with  B  cells  from  BIO  did  not  show  inhibition  of 
the  response  by  the  anti-BlO  idiotype.   Also,  treatment  of  BIO  T  lymphocytes 
with  anti-idiotype  antibodies  and  complement  abrogates  the*  ability  of  such 
cells  to  cooperate  with  B  lymphocytes  and  accessory  cells  in  the  response  to 
(T,G)-A — L-TNP.   These  studies  taken  together  strongly  suggest  that  T  helper 
lymphocytes  specific  for  (T,G)-A — L  possess  idiotypes  identical  or  cross- 
reactive  with  those  present  on  anti-(T,G)-A — L  antibodies. 

Using  the  newly  developed  recombinant  inbred  strain  B10.MBR  (H-2K.b,  Ik)  the 
Ir  gene  for  (T,G)-A — L  has  been  mapped  to  the  I-A  subregion. 

Using  the  Elisa  assay  we  have  been  able  to  obtain  antigen-specific,  T 
lymphocyte  dependent  response  to  (T,G)-A — L  in  vitro.   This  is  the  first 
known  success  at  obtaining  an  antibody  response  ±n_  vitro  to  an  Ir_  gene 
regulated  antigen. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Since 
idiotypes  define  a  single  or  small  number  of  clones  of  antibody,  the  determi- 
nation of  the  genetic  control  of  idiotype  expression  bears  directly  on  the 
origins  of  diversity  of  antibody.   An  understanding  of  the  genetic  and 
cellular  control  of  expression  of  idiotype  bearing  molecules  (including 
antibody  and  T  lymphocyte  receptors)  will  clarify  the  role  of  such  molecules 
in  regulation  of  the  immune  response.   An  understanding  of  the  regulation  of 
the  immune  response  could  lead  to  new  forms  of  therapy  for  human  diseases 
including  cancer. 

Proposed  Course  of  Project:   1.   Evaluate  the  role  of  genes  other  than 
allotype  linked  genes  in  determining  expression  of  anti-(T,G)-A — L 
idiotype(s)  on  antibodies. 

2.  Evaluate  T  lymphocytes  and  accessory  cells  for  expression  of  anti- 
(T,G)-A— L  idiotype(s). 

3.  Map  the  genes  which  determine  expression  of  anti-(T,G)-A — L  idiotype(s) 
on  T  lymphocytes  (?  and  accessory  cells). 

4.  Evaluate  the  role  of  other  cell  types  (e.g.  thymic  epithelium)  in  the 
expression  of  idiotypes  by  T  lymphocytes. 

5.  Evaluate  various  cell  types  for  expression  of  JLr  genes. 

Publication 

Pincus,  S.  H.,  Singer,  A.,  Hodes,  R.  J.s  and  Dickler,  H.  B.:   Anti-(T,G)-A — L 
idiotypes:   Initial  studies  of  genetic  control  and  cellular  expression. 
In  Pernis,  B.  and  Vogel,  H.  (Eds.):   Cells  of  Immunoglobulin  Synthesis. 
New  York,  New  York,  Academic  Press,  1979,  pp  371-380. 
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Markraan,  M.  and  Dickler,  H.  B.:   Definitive  mapping  of  the  immune  response 
gene(s)  for  (T,G)-A — L  to  the  I-A  subregion.   J.  Immunol. ,   in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Using  rapid  flow  microfluorometry  for  analysis  and  sorting  of  cells,  aspects  of 
the  following  projects  have  been  supported  during  the  previous  year:   (1) 
characterization  of  cell  surface  antigens  on  T  cells  from  normal  fetal  and 
adult  murine  thymuses  and  from  thymuses  of  adult  radiation  bone  marrow 
chimeras ;  (2)  characterizaton  of  patterns  of  lectin  binding  to  murine 
thymocytes;  (3)  characterization  of  new  procedures  for  cell  purification;  and 
(4)  characterization  of  a  dual  laser  technique  for  simultaneously  analyzing 
two  independent  cell  surface  markers  on  individual  cells. 
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Project  Description 

Objectives:   The  objective  of  this  project  is  to  utilize  rapid  flow  micro- 
fluorometry (FMF)  to  study  selected  aspects  of  important  problems  which  would 
be  impossible  or  extremely  difficult  to  pursue  without  such  technical  support. 

Methods  Employed:   Cells  have  been  both  analyzed  and  separated  by  rapid  flow 
microfluorometry  (Fluorescent-Activated  Cell  Sorter  (FACS),  Becton-Dickinson 
Electronics  Laboratory,  Mountain  View,  CA).   These  studies  involve  prelimi- 
nary treatment  of  suspensions  of  viable,  dispersed  cells  with  purified,  well- 
characterized  fluorescent  reagents. 

Major  Findings:   This  report  summarizes  the  major  thrust  of  each  overall 
project  emphasizing  those  aspects  most  heavily  supported  by  use  of  rapid  flow 
microfluorometry  (FMF). 

The  general  view  of  murine  T  cell  maturation,  until  recently,  was  that  all 
thymocytes  express  Lyt(123)+  differentiation  antigens  and  that  they  mature 
into  peripheral  (post  thymic)  Lyt  l+(23)~  and  Lyt  1~(23)+  T  cells.   Recent 
FMF  work  with  Dr.  Mathieson  however  provided  new  information  which  conflicted 
with  the  general  view.   The  new  data  clearly  identified  a  subpopulation  (10%) 
of  thymic  T  cells  which  are  Lyt  l+(23)~.   These  findings  have  been  extended 
this  year  with  Dr.  Mathieson  by  analysis  of  pathways  of  early  fetal  T  cell 
differentiation.   Using  monoclonal  reagents  and  FMF,  Lyt  l+(23)~  fetal 
thymocytes  have  been  identified  as  early  as  14-16  days  of  gestation,  up  to  3 
days  before  Lyt(123)+  cells  are  detectable.   A  major  change  occurs  between 
days  16  and  17  of  gestation:   the  thymic  cell  content  changes  from  0  to  70% 
Lyt(123)+  cells.   Adult  thymic  cell  content  (90%  Lyt[123]+)  is  not  reached 
until  1-2  days  before  birth.   Further  analyses  of  surface  antigens  on  thymic  T 
cells  has  been  carried  out  by  Ms.  Sharrow,  Dr.  Singer,  and  Dr.  Mathieson  with 
irradiated  mice  reconstituted  with  allogeneic  bone  marrow  (T-cell  depleted). 
By  12  days  after  marrow  transplantation,  when  the  thymic  cell  content  has 
returned  nearly  to  normal,  greater  than  98%  of  thymocytes  are  of  host  origin 
using  Lyt  antigens  for  cell  typing.   By  19  days  the  thymuses  have  been 
repopulated  by  donor  stem  cells,  because  greater  than  98%  of  thymocytes  express 
Lyt  antigens  of  the  donor  type.   Some  of  these  donor-type  thymus  cells, 
however,  bear  H-2  transplantation  antigens  of  the  host  type.   Moreover, 
determinants  associated  with  the  immune  response  genes  (la  antigens)  are  of 
host  phenotype.   Following  enzymatic  removal  of  these  antigens  by  pronase, 
lymphocyte  specific  antigens  (Lyt)  but  not  la  antigens  are  regenerated  by 
thymocytes  cultured  20  hours  in  vitro,  suggesting  that  the  la  determinants  are 
acquired  from  the  host  environment. 

In  a  different  but  related  project,  FMF  analysis  of  lectin  binding  to  murine 
thymocytes  is  being  used  to  detect  thymus  cell  differentiation  determinants. 
Over  30  lectins  have  been  screened  for  possible  identification  of  thymocyte 
subsets  (Drs.  Fowlkes,  Mathieson,  and  Waxdal).   Four  binding  patterns  have 
been  observed:  (1)  Lectins  which  fail  to  bind  to  thymocytes  (e.g.  Eulex),  (2) 
those  which  bind  to  all  thymocytes  (e.g.  Con  A),  (3)  those  whose  binding 
profiles  exhibit  2  peaks  (e.g.  PNA)  and  those  whose  binding  profiles  suggest  3 
or  more  peaks  (e.g.   Abrin). 
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Finally,  FMF  has  been  used  to  analyze  populations  of  mouse  thymocytes 
separated  on  the  basis  of  Lyt2  expression.   One  of  the  goals  of  the  FMF  effort 
has  been  to  help  identify  efficient  new  procedures  for  separating  cells  on  the 
basis  of  surface  differentiation  antigens.   Dr.  Mage  has  developed  such  a 
procedure  based  on  adherence  or  failure  thereof  of  antibody  coated  cells  to 
anti-immunoglobulin  coated  plastic  Petri  dishes.   Adherent  cells  are 
subsequently  removed  with  high  yield  by  vigorous  pipetting.   FMF  analysis  of 
thymocytes  separated  on  the  basis  of  Lyt  2  expression  has  demonstrated  that 
84-99%  of  adherent  cells  are  Lyt2+  and  90-94%  of  non-adherent  cells  are  Lyt2~. 

A  major  technical  improvement  was  made  in  the  FMF  instrumentation  within  the 
last  year  to  permit  sensitive  simultaneous  detection  of  two  independent  cell 
surface  markers.   A  second  laser  (Krypton)  was  added  which  is  particularly 
well  suited  for  exciting  rhodamine  analogs.   By  focussing  the  488  nM  Argon 
laser  and  568  nM  (Krypton)  laser  beams  at  two  different  points  on  the  cell 
stream,  optimal  excitation  of  fluorescein  and  rhodamine  occurs  without 
contamination  of  either  fluorescence  emission  detector  by  emission  from  the 
"wrong"  dye.   Using  this  technology,  the  correlations  of  the  following  pairs 
of  cell  surface  determinants  have  been  examined.   Immunoglobulin  and 
xenogeneic  virus  gp70  on  the  surfaces  of  DBA/2  and  NZB  spleen  cells:   greater 
than  95%  of  cells  bearing  surface  Ig  (B  lymphocytes)  also  express  high  levels 
of  gp  70;  however,  only  25-35%  of  Ig  negative  cells  (predominantly  T  cells) 
express  high  levels  of  gp  70  (Dr.  Davidson).   These  patterns  of  gp  70 
expression  can  differ  between  mouse  strains;  for  example,  less  than  10%  of 
surface  immunoglobulin  positive  or  surface  immunoglobulin  negative  cells  from 
RF  mouse  spleen  cells  express  high  levels  of  gp  70.   Dual  laser  flow  micro- 
fluorometry has  also  been  used  to  show  that  cell  surface  receptors  for  IgG  and 
IgE  are  both  expressed  on  individual  rat  basophilic  leukemia  cells  (Dr.  Segal 
et  al).   Furthermore,  quantitative  dual  fluorescence  analysis  has  revealed 
that  on  a  single  cell  basis,  the  amounts  of  IgE  receptors  and  IgG  receptors 
are  independent  of  one  another,  an  important  finding  since  IgE  ligands  can  bind 
to  both  receptors. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Two 
interpretations  of  thymic  T  cell  differentiation  are  suggested  by  the  recent 
data:  Lyt(123)+  T  cells  are  derived  from  Lytl+(23)~  precursor  cells  or  the 
two  cell  types  are  derived  from  two  types  of  prethymic  precursors,  Lyt  l+(23)~ 
precursors  seeding  the  thymus  shortly  before  Lyt(123)+  precursors.   The 
present  data  conflict  with  the  view  that  Lytl+(23)~  cells  represent  only  a 
later  stage  of  T  cell  maturation.   The  radiation  bone  marrow  chimera  studies 
provide  the  first  structural  correlate  with  the  well-established  phenomenon 
that  H-2  restricted  T  cell  responses  of  spleen  cells  from  bone  marrow  chimeric 
donors  are  restricted  by  host,  not  donor,  H-2  type.  The  temporary  repopulation 
of  thymuses  by  radiation  resistant  host  cells  following  marrow  transplantation 
may  have  an  important,  as  yet  unidentified,  role  in  determining  subsequent 
development  of  T  cell  function  in  these  mice.    Identification  of  functional 
thymocyte  subsets  by  lectin  binding  may  offer  new  possibilities  for  rapid  cell 
purification,  since  cell  binding  by  many  lectins  can  be  inhibited  by  simple 
sugars.   The  more  complex  thymus  cell  binding  patterns  of  some  lectins  (e.g. 
Abrin)  suggest  heretofore  unidentified  subsets  of  thymocytes.   Dr.  Mage's 
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plate  technique,  which  is  effective  in  separating  subpopulations  of  mouse 
thymocytes,  offers  a  rapid  means  for  separating  cells  on  the  basis  of  cell 
surface  differentiation  antigens.   Starting  with  more  than  10^  cell,   both 
positive  and  negative  cell  types  are  recovered  in  an  immunologically  functional 
state,  permitting  subsequent  tests  for  correlating  function  and 
differentiation. 

Dual  laser  technology  permits  sensitive,  quantitative,  FMF  detection  of  two 
independent  determinants  on  individual  cells.   Thus,  time-consuming  procedures 
for  preliminary  cell  isolation,  which  commonly  involve  losses  of  unknown  cell 
types,  can  be  avoided. 

Proposed  Course  of  Project:   As  in  the  past,  rapid  flow  microfluorometry 
will  be  used  for  selected,  appropriate  projects. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Requirement  for  self-recognition  by  T-helper  cells  and  B  cells  has  been 
analyzed  in  the  in  vitro  primary  antibody  responses  to  the  thymic  dependent 
antigen  TNP-KLH  and  the  thymic  independent  antigen  TNP-Ficoll.   T  cells 
obtained  from  A->AxB,  AxB->A,  and  A->B  radiation  bone  marrow  chimeras  were 
tolerant  to  both  A  and  B  MHC  determinants  but  could  only  cooperate  with 
macrophages  expressing  the  I-A  determinants  of  the  chimeric  host,  not  the 
chimeric  donor.   The  recognition  by  T-helper  cells  of  macrophage  I-A 
determinants  was  specifically  blocked  by  anti-I-A  antibodies  directed  at 
macrophage  I-A  determinants,  suggesting  that  the  I  region  gene  products 
recognized  by  T-helper  cells  are  also  those  detected  serologically. 
Surprisingly,  for  TNP-Ficoll  responses,  B  cells  from  AxB->A  and  A->B  chimeras 
were  also  restricted  to  cooperating  only  with  macrophages  expressing  MHC 
determinants  of  the  chimeric  host,  strongly  suggesting  that  B  cell  activation 
requires  B  cell  recognition  of  macrophage  MHC  determinants. 
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Project  Description 

Objectives:   The  major  objective  of  this  project  is  the  elucidation  of  the 
signals  which  are  involved  in  the  cell  interactions  which  result  in  activa- 
tion and/or  regulation  of  the  antigen-specific  immune  response. 

Methods  Employed:   Chimeric  mice  are  created  by  reconstituting  lethally 
irradiated  recipients  with  T  cell  depleted  bone  marrow  stem  cells. 

The  in  vitro  assay  for  antibody  production  involves  dispersing  single  cell 
suspensions  of  murine  spleens  in  microculture  with  TNP  modified  protein 
antigens  for  4  days.   The  cells  are  then  harvested  and  assayed  for  anti-TNP 
antibody-producing  cells. 

Spleen  cell  subpopulations  are  prepared  as  follows: 

a)  T  cells-nylon  non-adherent  spleen  cells 

b)  (B  +  accessory)  cells  -  rabbJ   anti-mouse  brain  +  C  treated  spleen 

cells 

c)  Accessory  cells  -  2  hour  glass  adherent,  T  cell  depleted,  irradiated 

spleen  cells 

d)  3  cells  -  G-10  Sephadex  passed,  T  cell  depleted  spleen  cells 

e)  (T+B)  cells  -  G-10  Sephadex  passed  spleen  cells. 

Major  Findings :   For  responses  to  TNP-KLH,  T-helper  cells  from  A — >AXB, 
AxB — >A,  and  A — >B  radiation  bone  marrow  chimeras  are  only  able  to  cooperate 
with  macrophages  expressing  MHC  determinants  syngeneic  to  those  of  the 
chimeric  host.   These  experiments  demonstrate  that  activation  of  T-helper 
cells  requires  recognition  of  macrophage  MHC  determinants  and  that  the 
specificities  T  cells  recognize  are  determined  by  the  environment  in  which 
they  differentiate.   In  order  to  assess  the  possibility  that  T-helper  cells 
recognized  the  same  I  region  gene  products  as  detected  by  antibodies,  the 
ability  of  anti-I-A  specific  reagents  to  interfere  with  T-cell  activation 
was  assessed.   Indeed,  anti-I-A  reagents  specific  for  macrophage  I-A 
determinants  did  block  T-helper  cell  activation.   Furthermore,  experiments 
with  restricted  F^ — >parent  chimeric  T  cells  demonstrated  that  this  was 
due  to  specific  interference  with  the  ability  of  T  cells  to  recognize 
macrophage  I-A  determinants. 

For  responses  to  TNP-Ficoll,  presentation  of  antigen  by  macrophages  to 
B  cells  is  required.   However,  the  ability  of  B  cells  to  be  triggered 
by  TNP-Ficoll  presenting  macrophages  is  restricted  by  the  environment  in 
which  B  cells  mature.   Specifically,  B  cells  from  A — >B  chimeras  are  only 
triggered  by  strain  B,  not  strain  A,  macrophages.   These  results  suggest 
that  B  cell  activation,  like  T  cell  activation  requires  recognition  of 
macrophage  MHC  determinants. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
regulation  of  the  immune  response  by  manipulation  of  the  determinants 
actively  recognized  by  cells  as  "self"  promises  to  not  only  signficantly 
expand  our  understanding  of  the  generation  of  the  T  cell  repertoire  and 
the  requirements  for  B  cell  activation,  but  also  promises  to  have  a 
significant  impact  on  our  ability  to  regulate  recognition  of  foreign 
antigen  for  the  treatment  of  human  disease. 

Proposed  Course  of  the  Project:   In  the  immediate  future,  the  project  will  be 
directed  at  determining  how  self  recognition  by  T  and  B  cells  is  determined. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  long  term  goal  is  to  explore  the  mechanism  by  which  accessory  cells 
process  and  present  antigen  to  lymphoid  cells  and  how  they  function  in  the 
regulation  of  the  immune  response.   Using  antigen-specific  primed  lymph  node 
T  cell  proliferation  and  the  in  vitro  primary  antibody-forming  cell  response, 
the  population(s)  of  cells  possessing  accessory  cell  function  have  been 
characterized:   Thy  1.2  negative,  surface  Ig  negative,  I-A  and  I-E/C  sub- 
region  antigens  positive,  radioresistant,  glass  adherent,  phagocytic,  Fc 
receptor  positive.   Accessory  cell  function  required  living  cells  and  the 
efficiency  of  such  function  was  directly  related  to  the  length  of  time  the 
cells  were  exposed  to  antigen.   Response  to  the  antigens  TNP-(T,G)-A— L  and 
TNP-(H,G)-A — L  was  controlled  by  autosomal  dominant  genes  located  in  the  K  or 
I-A  regions  of  the  responder  H-2  complex  and  therefore  mapped  identically  to 
the  Ir  genes  controlling  overall  in  vitro  and  in  vivo  responsiveness  to 
these  antigens. 
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Project  Description 

Objectives:   1)  To  phenotypically  characterize  the  cell  population(s)  which 
possess  accessory  cell  function.  2)  To  evaluate  the  role  of  la  antigens  on 
accessory  cells  in  terms  of  the  activation  of  subsets  of  B  and  T  lymphocytes. 
3)  To  determine  the  relationship  between  accessory  cell  la  antigens  and  the 
expression  of  Ir  genes  in  these  cells.  4)  To  explore  the  mechanisms  by  which 
accessory  cells  take  up,  "process"  and  present  antigen  to  lymphoid  cells. 

Methods  Employed:   1)  Adherent  cells  are  purified  from  spleen  and  peritoneal 
exudate  by  adherence  to  glass  and  removal  or  inactivation  of  other  cell  types 
by  various  means  including:   a)  treatment  with  anti-Thy  1.2  and  C  ,  b) 
irradiation,  c)  f luorescein-conjugated  F(ab')2  anti-Ig  or  fluorescein- 
conjugated  protein  coated  polystyrene  particles  plus  fluorescence  activated 
cell  sorting.   2)  Accessory  cells  are  removed  from  lymphoid  cell  populations 
by  passage  over  Sephadex  G10.   3)  la  antigens  and  other  surface  markers  are 
detected  by  immunofluorescence.   la  bearing  cells  are  removed  by  treatment 
with  alloantisera  and  C.   The  synthesis  of  la  antigens  is  measured  by 
internal  labeling  with  ^H-leucine,  followed  by  solubilization,  immuno- 
precipitation  and  gel  electrophoresis.   4)  Fc  receptors  were  evaluated 
using  antigen  antibody  complexes  and  indirect  immunofluorescence.   5)  The 
immunologic  function  of  accessory  cells  is  assessed  by  T  cell  activation  as 
measured  by  thymidine  incorporation  in  vitro,  or  by  antibody  formation  by  B 
cells  in  the  in  vitro  induction  of  primary  antibody-forming  cell  responses 
as  measrued  by  plaque  formation. 

Major  Findings:   T  lymphocyte  dependent  antigen  specific  immune  responses 
were  evaluated  using  lymphocyte  populations  which  required  the  addition  of 
exogenous  accessory  cells  in  order  to  phenotypically  characterize  the  cell(s) 
which  provide  accessory  cell  function.   This  function  was  provided  by  a 
population  which  was  Thy  1.2  negative,  radioresistant,  glass-adherent,  and 
were  only  functional  if  alive.   The  accessory  cell  function  of  spleen 
adherent  cells  was  proportional  to  the  length  of  time  such  cells  were 
incubated  with  antigen  and  very  small  numbers  of  such  cells  provided 
accessory  cell  function.   Depletion  of  surface  Ig  positive  cells  from  the 
adherent  population  did  not  affect  accessory  cell  function  whereas  depletion 
and  reconstitution  experiments  indicated  that  phagocytic  cells  were  required. 
Such  cells  also  bore  Fc  receptors.  Cytotoxic  studies  with  subregion 
restricted  anti-la  antibodies  and  complement  indicated  that  accessory  cell 
function  resided  in  a  subpopulation  of  spleen  adherent  cells  which  bore  the 
I-A  and  I-E  or  C  subregion  antigens.   The  function  of  such  cells  was  not 
related  to  a  seTective  ability  (vs.  other  spleen  adherent  cells)  to  take  up 
antigen. 

The  possibility  was  investigated  that  Ir  genes  regulate  the  function  of 
cells  other  than  T  or  B  cells  in  the  primary  IgM  PFC  responses  to  the  syn- 
thetic antigens  TNP-(T,G)-A — L  and  TNP-(H,G)-A — L.   The  primary  PFC  responses 
of  (Responder  x  Nonresponder)F^  spleen  cells  to  both  antigens  were  abrogated 
by  G-10  Sephadex  passage  and  restored  by  the  addition  of  spleen  adherent 
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cells  which  had  the  characteristics  described  above.   The  abrogated  responses 
of  G-10  Sephadex  passed  (Responder  x  Nonresponder)F^  spleen  cells  to  each 
antigen  were  reconstituted  only  by  spleen  adherent  cells  from  stains  which 
were  responders  to  that  antigen.   All  the  spleen  adherent  cells  tested 
restored  the  non-Ir  gene  controlled  response  to  a  third  antigen,  TNP-KLH. 
The  ability  of  spleen  adherent  cells  to  function  as  accessory  cells  in  the 
primary  PFC  responses  to  TNP-(T,G)-A — L  and  TNP-(H,G)-A — L  was  shown  to  be 
controlled  by  autosomal  dominant  genes  which  were  shown  by  the  use  of  recom- 
binant strains  to  be  located  in  the  K  or  I-A  regions  of  the  responder  H-2 
complex,  the  same  region(s)  of  H-2  as  the  Ir_  genes  controlling  overall  in 
vitro  and  in  vivo  responsiveness  to  these  antigens. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Since 
spleen  adherent  cells  function  as  accessory  cells  in  antigen  presentation  to 
T  lymphocytes  and  phenotypically  express  both  la  antigens  and  I_£  genes,  an 
understanding  of  the  mechanisms  underlying  accessory  cell  function  in  the 
immune  response  may  lead  to  new  modes  of  therapy  for  cancer  and  other  human 
diseases. 

Proposed  Course  of  Project:   Due  to  time  commitments  to  other  projects  this 
study  will  not  be  pursued  at  this  time.   However,  when  time  and  personnel 
permit,  the  proposed  course  will  be:   1)  Evaluation  of  the  functional 
interactions  between  subpopulations  of  adherent  cells  and  subpopulations  of 
lymphocytes;  2)   The  mechanism  of  Ag  uptake  and  processing  by  accessory 
cells  will  be  examined  by  internal  and  surface  labeling  of  la  in  conjunction 
with  uptake  of  radiolabeled  antigens  under  Ir  gene  control. 

Publications 

Hodes,  R.  J.,  Ahmann,  G.  B.,  Cowing,  C. ,  Hathcock,  K.,  Dickler,  H.  B.,  Sachs, 
D.  H.,  and  Singer,  A.:   Expression  of  I  region  gene  products  on  accessory 
cell  populations.   In  Terry,  W.  D.  and  Yamamura,  Y.  (Eds°):   Developments 
in  Immunology,  Vol.  16.:   Immunobiology  and  Immunotherapy  of  Cancer. 
Elsevier  North-Holland  Publishers,  New  York,  New  York,  1979,  pp.  33-49. 

Dickler,  H.  B.,  Cowing,  C,  Ahmann,  G.  B.,  Hathcock,  K.  S.,  Sharrow,  S.  0., 
Hodes,  R.  J.,  and  Singer,  A.:   Characterization  of  the  accessory  cells 
required  in  T  lymphocytes  dependent  antigen-specific  immune  responses. 
In  Rosenthal,  A.  and  Unanue,  E.  (Eds.):   Macrophage  Regulation  of  Immunity 
Academic  Press,  Inc.,  New  York,  New  York,  1980,  pp.  265-275. 

Dickler,  H.  B. ,  Cowing,  C,  Ahmann,  G.  B. ,  Hathcock,  K.  S.,  Sachs,  D.  H., 
Hodes,  R.  J.,  and  Singer,  A.:   Expression  of  l£  genes  and  la  antigens 
by  adherent  accessory  cells  required  for  antigen-specific  antibody  forming 
cell  responses.   In  van  Furth,  R.  (Ed.):   Mononuclear  Phagocytes  III. 
Amsterdam,  1980,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Cultures  of  peripheral  blood  leukocytes  from  a  series  of  human  donors  were 
stimulated  in  vitro  against  TNP-modified  autologous  leukocytes.   Prolifera- 
tive and  cytotoxic  T  cells  were  obtained  after  primary,  secondary  and 
teritary  in  vitro  stimulation.   The  cytotoxic  effectors  exhibited  TNP- 
dependent  activity  against  modified  human  but  not  against  modified  murine 
lymphocytes.   The  T  cells  recognize  TNP  in  association  with  human-specific 
self  determinants.   These  determinants  have  been  classified  into  three 
groups  based  on  studies  of  direct  lysis  and  cold  target  cell  inhibition 
using  panels  of  effectors  from  family  members  and  unrelated  donors.   One 
class  is  polymorphic  and  associated  with  serologically  defined  HLA-A 
and  -B  locus  antigens.   A  second  class  is  not  strongly  associated  with 
these  antigens  but  was  polymorphic  and  HLA-linked.   A  third  class  of 
"public"  determinants  exists  for  which  there  was  little  if  any  polymorphism 
among  the  donors  studied.   This  suggests  that  T  cells  recognize  a  variety 
of  self-determinants  in  association  with  TNP. 
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Project  Description 

Objectives :   The  primary  objectives  of  this  laboratory  are  to  investigate  the 
function  of  T  lymphocytes,  the  role  of  self  recognition,  and  the  effects  of 
major  histocompatibility  genes  on  the  murine  and  human  immune  systems.   These 
studies  are  being  pursued  using  mouse  and  human  leukocytes  which  are 
sensitized  to  autologous  cells  either  modified  with  chemical  agents  (e.g.  the 
trinitrophenyl  group)  or  infected  with  viruses  (e.g.  influenza,  measles). 

The  purpose  of  this  project  was  to  determine  whether  human  lymphocytes  can 
recognize  and  respond  to  TNP-modified  autologous  leukocytes  in  ways  similar 
to  that  observed  using  mouse  lymphocytes,  and  if  human  modified  self  re- 
activity can  be  detected,  to  determine  if  self  HLA-coded  products  are  in- 
volved in  the  recognition,  to  map  such  products  within  the  HLA  complex,  and 
to  determine  whether  immune  response  genes  are  involved  in  such  T-cell  re- 
sponses. 

Methods  Employed:   Human  peripheral  blood  leukocytes  were  obtained  from 
normal  adult  volunteers,  separated  on  a  Ficoll-Hypaque  gradient,  and 
sensitized  in  vitro  in  primary  and  secondary  cultures  against  TNP-modified 
and  unmodified  autologous  and  allogeneic  (unrelated)  leukocytes.   Prolifera- 
tion of  the  responding  lymphocytes  was  assessed  by  pulse-labelling  with 
^H-thymidine  and  by  -'lcr-release  assays  at  various  times  after  primary, 
secondary,  and  tertiary  sensitization.   Cell  separations  were  performed 
by:   (a)  depletion  of  effector  cells  of  Fc-receptor-bearing  cells  by 
incubation  on  antigen-antibody  coated  plastic  surfaces;  (b)  sequential 
fractionation  on  Sephadex  G-200  anti  human  F(ab')2  columns  followed  by 
incubation  on  antigen-antibody  coated  plastic;  and  (c)  rosette  formation 
with  sheep  erythrocytes. 

Major  Findings :   Peripheral  blool  leukocytes  from  all  normal  human  donors 
(30/  30)  studied  generated  trinitrophenyl  (TNP)-dependent  cytotoxic  activity 
following  in  vitro  sensitization  with  TNP-modified  autologous  cells.   Weak 
cytotoxic  activity  was  generated  during  primary  culture,  increased  approxi- 
mately 100-fold  during  secondary  stimulation,  and  another  5-fold  during 
tertiary  stimulation.   The  cytotoxic  activity  was  shown  to  be  TNP-dependent 
at  both  the  sensitization  and  the  lytic  phases.   Effectors  lysed  not  only 
TNP-modified  autologous  cells  but  all  TNP-modified  human  leukocyte  targets 
tested,  including  those  which  shared  no  serologically-def ined  HLA-A;  B  or 
-C  locus  determinants  with  the  specific  targets.   This  crossreactivity 
appeared  to  be  species  specific,  since  it  was  not  observed  when  human 
effectors  were  tested  on  TNP-modified  mouse  targets.   The  TNP-dependent 
cytotoxic  activity  on  autologous  and  unrelated  cells  was  shown  to  be 
mediated  by  T-cells.   Specificity  of  the  classes  of  self  determinants 
recognized  in  association  with  TNP  was  investigated  by  direct  lysis  and 
cold  target  cell  competition.   Interpretation  of  the  results  of  direct 
lysis  experiments  was  facilitated  by  the  use  of  interaction  analysis. 
Studies  of  effector  populations  from  six  siblings  demonstrated  that  on 
the  average  approximately  40%  of  the  cytotoxic  activity  was  specific  for 
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polymorphic  determinants  of  which  most  or  all  were  HLA-linked.   Studies 
of  effectors  from  six  unrelated  donors,  selectively  matched  for  HLA-A 
and  -B  locus  determinants,  demonstrated  that  some  of  the  cytotoxic  activity 
was  directed  against  HLA-A  and/or  -B  locus-associated  polymorphic  deter- 
minants, but  that  the  serologically-def ined  HLA-A  and  -B  locus  antigens 
were  not  the  only  polymorphic  determinants  recognized.   Studies  by  cold 
target  cell  competition  demonstrated  that  some  of  the  cytotoxic  activity 
was  directed  against  TNP  in  association  with  relatively  nonpolymorphic 
antigens,  and  suggested  that  the  cytotoxic  activity  against  TNP  in 
association  with  polymorphic  non-HLA-A  and  -B  recognized  D-DR  antigens 
as  self.   Thus,  there  was  evidence  for  considerable  diversity  of  the 
classes  of  self  determinants  which  human  T-cells  can  recognize  in  asso- 
ciation with  TNP.   Furthermore,  the  possibility  of  immune  response  gene 
control  of  the  cytotoxic  response  to  these  determinants  was  suggested 
by  differences  between  donors  in  their  response  to  TNP-modified  self 
determinants. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   This 
project  is  of  fundamental  immunological  importance  in  that  it  provides  one  of 
the  first  known  examples  of  cell-mediated  immunity  involving  self-recognition 
by  human  lymphocytes,  and  it  can  be  used  to  test  a  number  of  major  histocom- 
patibility-linked  immune  phenomena  in  man  which  are  known  to  occur  in  mice. 
It  may  also  be  useful  for  HLA  typing  of  human  lymphocytes  for  possible  new 
immune  functions  and  for  investigating  immune  response  genes  in  man  without 
having  to  immunize  human  subjects.   The  finding  that  certain  polymorphic 
determinants  expressed  on  the  lymphocytes  of  all  humans  tested  (but  not  on 
mouse  lymphocytes)  raises  the  possibility  that  these  represent  heretofore 
unidentified  structures  which  are  important  components  of  associative  recog- 
nition involving  self  and  foreign  antigens,  which  may  be  relevant  as  self 
recognition  structures  for  recovery  from  disease,  since  similar  observations 
have  recently  been  made  for  EBV-specific  cytotoxicity  in  mononucleosis 
patients. 

Proposed  Course  of  Project:   We  plan  to  use  the  T-effector  cell  cloning 
system  to  study  the  clones  of  effector  cells  which  recognize  TNP  in  associa- 
tion with  the  following  classes  of  self  determinants:   (a)  widely  shared 
among  humans;  (b)  polymorphic,  HLA-linked  and  associated  with  HLA-A  and 
-B;  and  (c)  polymorphic,  HLA-linked  that  are  not  strongly  associated 
with  HLA-A  and  -B  locus  determinants.   We  also  plan  to  study  whether 
helper  T-cells  can  be  raised  in  vitro  for  this  response.   We  also  plan  to 
use  the  AEDANS-hapten  (see  #05038)  for  generating  human  CML  responses  to 
study  Ir  gene  control  and  HLA  restriction. 

Publications 

Shaw,  J.  S.  and  Shearer,  G.  M. :   Cell  mediated  cytotoxicity  against  TNP- 
modified  human  leukocytes.   In  Wernet,  P.  (Ed.)   Natural  and  Induced 
Cell-Mediated  Cytotoxicity.   New  York,  Academic  Press,  1979,  pp.  165-175. 
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Biddison,  W.  E.,  Payne,  S.  M. ,  Shearer,  G.  M.  and  Shaw,  S.:   Human  cytotoxic 
T  cell  responses  to  trinitrophenyl  hapten  and  influenza  virus:   diversity  of 
restriction  antigens  and  specificity  of  HLA-linked  genetic  regulation.   J. 
Exp.  Med. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Synthetic  amphiphilic  macromolecules  composed  of  stearic  acid  covalently  linked 
to  fluorescent  dextran  derivatives  were  synthesized  as  modela  for  membrane 
proteins.   These  water-soluble  molecules  adsorb  to  all  artificial  and  cell 
membranes  tested.   The  lateral  diffusion  and  qualitative  behavior  of  these 
molecules  on  the  surface  of  fibroblasts  have  been  studied  and  artificial 
membranes.   The  lateral  diffusion  constant  of  these  molecules  on  the  surface  of 
fibroblasts  is  about  2xl0_l°  cm2/sec,  and  on  synthetic  membranes  is  about 
5-fold  faster.   Addition  of  antibody  to  determinants  on  the  dextran  produces 
patching  for  all  membrane  bound  molecules;  for  lymphocytes  and  for  many 
fibroblasts,  capping  also  occurs.   In  addition  the  technology  developed  was 
used  to  allow  the  formation  of  IgA  coated  erythrocytes  which  have  successfully 
detected  IgA  specific  Fc  receptors  on  mouse  lymphocytes. 
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Project  Description 

Objectives:   To  test  the  properties  of  synthetic  membrane  antigens  in  cell 
membranes  and  compare  these  with  natural  membrane  antigens  in  the  same  cells. 
A  molecular  explanation  of  the  capping  phenomenon  which  occurs  upon  cross- 
linking  membrane  antigens  is  sought.   Attempts  to  use  defined  soluble  antigens 
as  targets  for  T  lymphocyte  killing  are  being  carried  out. 

Methods  Employed:   Dextran  and  other  polysaccharide  derivatives  containing 
covalently  linked  TNP ,  rhodamine  and  sterate  were  synthesized.   Saline 
solutions  of  these  compounds  (10-1000  g/ml)  were  incubated  with  cells 
followed  by  washing.   The  adsorbed  antigen  was  then  followed  by  using 
the  fluorescence  microscope  with  direct  visualized  or  by  staining  with 
rhodamine  labeled  anti-TNP.   Quantitative  measurements  of  lateral  diffusion 
were  made  using  fluorescence  photobleaching  recovery.   IgA  coated  ox 
erythrocytes  were  made  by  adsorbing  stearoylated  dextrans  and  arabinogal- 
actans  to  the  erythrocytes  and  then  incubating  with  QUPC  52  and  SAPC  10, 
IgA  myeloma  proteins  which  bind  the  respective  polysaccharide.   These 
red  cells  were  incubated  with  lymphocytes  and  found  to  form  rosettes  by 
standard  techniques. 

Major  Findings:   Stearoylated  dextrans  adsorbed  on  the  membrane  of  fibro- 
blasts undergo  patching  and  capping  when  crosslinked  by  antibody.   These 
processes  are  remarkably  similar  to  those  seen  with  natural  fibroblast  anti- 
gens.  On  flattened  cells,  patches  form  in  rows,  very  similar  to  those  shown 
to  correlate  with  intracellular  myosin  by  other  groups.   A  quantitative 
study  of  lateral  diffusion  of  these  molecules  showed  that  they  move  at  the 
same  rate  as  the  less  restricted  membrane  proteins  previously  studied,  i.e., 
with  a  lateral  diffusion  constant  of  2xl0~10  cm^/sec.   When  crosslinked 
by  low  concentrations  of  antibody,  the  lateral  diffusion  is  greatly  retarded, 
even  under  conditions  where  no  patches  are  visible.   A  continuation  of  the 
study  of  these  molecules  on  lymphocyte  surfaces  showed  that  thymocytes 
absorbed  these  molecules  from  solution  more  readily  than  splenocytes, 
showed  an  optimum  surface  concentration  for  capping,  and  capped  the 
adsorbed  species  more  slowly  than  splenocytes.   The  drug  inhibition  of 
the  capping  on  these  cells,  like  stearoylated  dextrans  on  spleen  cells, 
was  very  similar  to  drug  inhibition  of  capping  of  natural  markers  such 
as  slg.   In  the  IgA  Fc  receptor  collaborative  study  with  Warren  Strober 
in  the  Metabolism  Branch,  NCI,  4-6%  of  normal  mouse  spleen  cells  were 
found  to  form  IgA  rosettes,  implying  that  this  class  of  antibody  has  its 
own  Fc  receptor. 

Signifificance  to  Biomedical  Research  and  the  Program  of  the  Institute:   This 
project  is  aimed  at  elucidating  basic  aspects  of  biological  membranes, 
especially  the  behavior  of  antigens  on  cell  surfaces.   Such  antigens  play  a 
vital  role  in  graft  and  tumor  rejection.   The  studies  undertaken  have 
revealed  that  simple  model  membrane  molecules  passively  inserted  into 
membranes  show  many  of  the  properties  of  natural  membrane  antigens, 
including  capping. 


538 


Project  No.  ZO1-CB-05068-04  I 

Proposed  Course  of  Project:   We  are  currently  beginning  to  develop  chemical 
means  to  attach  proteins  and/or  dextrans  to  the  cell  surface  via  the  -SH 
groups  on  the  latter.   Such  cell  membrane  -SH  groups  can  be  derivatized 
with  haptens  to  give  rise  to  H-2  restricted  cell  killing. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  has  been  demonstrated  that  the  T  cell  proliferative  response  to  Con  A  and 
the  T  cell  dependent  IgM  response  to  the  soluble  antigens  TNP-KLH, 
TNP-T,G-(A-L),  and  TNP-Nuclease  require  the  participation  of  accessory  cells. 
This  subpopulation  of  spleen  cells  has  been  shown  to  be  glass  adherent, 
radioresistant,  non-T,  non-B  and  and  to  express  I_a  (I  region  associated) 
determinants  encoded  in  I-A  and  I-E/C.   In  addition,  cells  within  the  splenic 
adherent  cell  population  are  the  predominant  stimulators  of  the  one  way  murine 
mixed  lymphocyte  response  when  responder  and  stimulator  cells  differ  either  at 
H-2  or  the  Mis  locus.   These  stimulator  cells  also  bear  I-A  and  I-E/C  encoded 
determinants  and  their  ability  to  stimulate  allogeneic  T  cells  could  be 
inhibited  with  specific  anti-la  reagents.   Similar  results  regarding  la  antigen 
expression  and  functional  accessory  cell  competance  were  also  obtained  using  a 
population  of  purified  murine  Kupffer  cells,  the  tissue  macrophage  of  the 
liver. 
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Project  Description 

Objectives :   la  antigens  are  serologically  demonstratable  cell  surface 
determinants  which  appear  to  play  important  roles  in  cell-cell  interactions. 
The  objective  of  this  study  is  to  investigate  the  role  these  la  determinants 
play  in  cellular  interactions  involved  in  T  cell-mediated  or  T  cell-dependent 
responses.   The  T  cell  proliferative  response  to  Con  A  and  the  T  cell- 
dependent  in  vitro  primary  antibody  response  to  TNP-conjugated  proteins  are 
being  studied  as  well  as  the  ability  of  various  subpopulations  of  spleen  to 
stimulate  in  an  allogeneic  mixed  lymphocyte  response. 

Methods  Employed:   Cell  separation  and  reconstitution  techniques  are  being 
employed  and  have  established  that  accessory  cells  are  required  for  both  the 
Con  A  proliferative  response  and  the  primary  antibody  response  to  TNP-KLH. 
Kupffer  cells,  the  tissue  macrophage  of  the  liver  were  prepared  by  sequential 
enzymatic  digestion  of  liver,  differential  sedimentation,  glass  adherence  and 
treatment  with  RaMB  +  C.   SAC  and  Kupffer  cells  were  shown  to  be  potent 
stimulators  of  the  allogeneic  one  way  mixed  lymphocyte  response  in  addition 
to  serving  as  accessory  cells  for  mitogen  and  antibody  responses.   Accessory 
populations  were  treated  with  anti-la  reagents  and  complement  (C)  and  assessed 
for  their  ability  to  reconstitute  both  responses.   Accessory  cells  are  also 
being  fractionated  into  phagocytic  and  non-phagocytic  populations  by  their 
ability  to  ingest  fluorescent  latex  particles  as  detected  by  the  Fluorescent 
Activated  Cell  Sorter  and  these  fractions  then  evaluated  for  their  ability  to 
restore  the  Con  A  response  and  the  in  vitro  primary  antibody  response. 

Major  Findings:   (1)  It  has  been  shown  that  the  T  cell  proliferative  response 
to  Con  A  and  the  T  cell  dependent  primary  in  vitro  antibody  response  to  TNP- 
KLH  require  the  presence  of  non-T,  radio-resistant  glass  adherent  spleen 
cells.   In  addition,  cells  within  this  subpopulation  of  cells  (SAC  or  Kupffer 
cells)  were  shown  to  be  potent  stimulators  of  the  murine  mixed  lymphocyte 
response.   (2)  Kupffer  cells,  the  tissue  macrophage  of  the  liver  were  shown  to 
be  similar  to  splenic  adherent  cells  (SAC)  morphologically,  in  their  expression 
of  cell  surface  determinants  (la  antigens,  Fc  receptors  and  complement 
receptors)  and  functionally  in  the  assay  system  noted  above.   (3)  Accessory 
cell  function  of  these  Kupffer  cells  and  splenic  adherent  cells  (SAC)  is 
abrogated  by  treatment  with  anti-la  and  C.   Using  subregion  specific  anti-la 
reagents,  it  was  shown  that  these  cells  expressed  la  determinants  encoded  by 
genes  in  I-A  and  I-E/C.   In  addition,  these  determinants  are  expressed  on  the 
same  cells.   (4)  The  reconstituting  SAC  in  the  Con  A  response  were  effective 
whether  or  not  they  were  H-2  identical  with  the  responding  T  cells.   (6) 
Cells  within  both  the  SAC  and  Kupffer  cell  population  were  shown  to  be  potent 
stimulators  of  the  mixed  lymphocyte  response  (MLR).   The  cells  stimulating  the 
MLR  also  bore  determinants  encoded  in  both  I-A  and  I-E/C.   Cell  separation 
techniques  showed  that  splenic  B  and  T  cells  were  poor  stimulators  of  MLR  when 
stimulators  and  responders  differ  at  either  H-2  or  Mis.   Depletion  of  splenic 
accessory  cells  by  passage  over  G-10  Sephadex  resulted  in  diminution  of 
stimulatory  ability  in  MLR  whereas  enrichment  for  accessory  cells  by  adherence, 
irradiation  and  RaMB  +  C  treatment  resulted  in  a  population  significantly  more 
stimulatory  than  unfractionated  spleen. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   I  region 
gene  products  play  a  significant  role  in  regulation  of  immune  responses.   A 
basic  understanding  of  the  expression,  and  perhaps  the  functional  role  of  one 
class  of  I  region  gene  products,  la  antigens,  in  mitogen  responses,  and  in 
antibody  production  should  provide  insight  into  the  mechanisms  of  control  of 
these  immune  responses.   Such  insight  would  be  relevant  to  evaluation  of  the 
host  response  to  allograft  and  tumor  challenge. 

Proposed  Course  of  Project:   Studies  are  in  progress  to  further  define  the 
properties  of  the  la"1"  accessory  cells  and  their  mechanism  of  action  in  antibody 
responses  under  Ir  gene  control.   Studies  are  planned  to  further  evaluate  the 
functional  and/or  structural  significance  of  the  finding  that  B  cells  which 
bear  la  determinants  are  not  capable  of  triggering  proliferation  of  allogeneic 
T  cells  whereas  SAC  bearing  determinants  which  are  serologically  identical  are 
potent  stimulators  of  MLR. 

Publications 

Ahmann,  G.  B.,  Nadler,  P.  I.,  Birnkrant,  A.  and  Hodes,  R.  J.:   T  cell 
recognition  in  the  mixed  lymphocyte  reaction.   I.   Non-T  radiation  resistant 
splenic  adherent  cells  are  the  predominant  stimulators  in  the  murine  mixed 
lymphocyte  reaction.   J.  Immunol.   123:   903-909,  1979. 

Hodes,  R.  J.,  Ahmann,  G.  B.,  Nadler,  P.  I.,  Hathcock,  K.  S.,  and  Singer,  A.: 
T  cell  recognition  of  syngeneic  and  allogeneic  H-2  determinants.   In  Bach,  F.  , 
Bonavida,  B. ,  Vitetta,  E. ,  and  Fox,  C.  F.  (Eds.):   T  and  B  Lymphocytes: 
Recognition  and  Function.   New  York,  Academic  Press,  1979,  pp.  329-338. 

Ahmann,  G.  B.,  Birnkrant,  A.,  Pettinelli,  C.  B. ,  Nadler,  P.  I.,  Sachs,  D.  H. , 
and  Hodes,  R.  J.:   The  role  of  la  bearing  accessory  cells  in  T-cell  mediated 
and  T-cell  dependent  responses.   In  Kaplan,  J.  G.  (Ed.):  The  Molecular  Basis 
of  Immune  Cell  Function.   Amsterdam,  Elsevier/North  Holland,  1979, 
pp.  538-541. 

Nadler,  P.  I.,  Klingenstein,  R.  J.,  Richman,  L.  K. ,  and  Ahmann,  G.  B.:  The 
murine  Kupffer  cell.   II.   Function  in  in  vitro  primary  antibody  responses, 
mitogen  induced  proliferation  and  stimulation  of  a  mixed  lymphocyte  response. 
J.  Immunol.   In  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Balb/c  H-2dD  spleen  cells  generated  a  strong  primary  in  vitro  CML  response 
against  Balb/c  (H-2)d  wild  type  spleen  cells.   The  effector  cells  generated 
were  specific  for  L  antigens.   In  an  allogeneic  CML  response  between  two 
non-mutant  strains  directed  against  H-2D  region  antigens,  two  clones  of 
cytotoxic  effector  cells  could  be  identified,  one  with  specificity  for 
D  antigens,  and  the  second  with  specificity  directed  against  L  antigens 
When  syngeneic  cytotoxic  effector  cells  were  generated  against  TNP  modified 
H-2D  antigens,  no  clones  with  specificity  for  L-TNP  modified  antigens  could 
be  detected.   This  contrasts  with  the  H-2  restricted  murine  influenza  model, 
in  which  influenza  virus  can  be  recognized  by  cytotoxic  T  cells  in  associa- 
tion with  products  of  the  L  locus.   Therefore,  although  products  of  the  L 
locus  are  capable  of  inducing  allogeneic  cytotoxic  effector  cells,  and  serve 
as  self  recognition  structures  for  influenza  virus,  these  antigens  appear 
not  to  be  capable  of  eliciting  syngeneic  effector  cells  specific  for  the 
TNP  hapten. 
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Project  Description 

Objectives:   The  objective  of  this  project  was  to  determine  the  ability  of 
L-locus  products  of  the  H-2D  region  to  stimulate  the  generation  of  allo- 
geneic cytotoxic  effector  cells.   Additionally,  the  ability  of  chemically 
(TNBS)  and  virally  (Hong  Kong  strain  of  influenza)  treated  H-2L  antigens  to 
stimulate  syngeneic  H-2-restricted  cytotoxic  effector  cells  is  also  under 
investigation. 

Methods  Employed:   Spleen  cells  from  Balb/c  H-2^  mutant  mice  (a  loss  type 
mutant  in  which  L-locus  products  are  antigenically  undetectable)  and  other 
mouse  strains  were  cultured  for  5  days  against  either  spleen  cells,  or  TNBS 
treated  spleen  cells.   The  effector  cells  from  these  cultures  were  harvested 
and  assayed  on  ^Cr  labelled  target  cells.   The  use  of  non-radioactively 
labelled  ("cold")  spleen  cells  (i.e.  cold  target  inhibition)  and  specific 
anti-H-2  antisera  (i.e.  antiserum  blocking)  were  frequently  employed. 

Major  Findings:   Balb/c  H-2^b  spleen  cells  generated  cytotoxic  effector  cells 
after  stimulation  with  Balb/c  (H-2d)  wild  type  cells.   Antiserum  blocking 
experiments  showed  that  these  effector  cells  were  specific  for  the  L  anti- 
gen(s).   When  two  non-mutant  strains  were  used  to  generate  cytotoxic  cells 
against  H-2D  region  differenes,  it  was  found  (by  cold  target  inhibition  and 
antibody  blocking  techniques)  that  at  least  two  clones  of  effectors  could 
be  identified,  one  clone  specific  for  L  antigens,  and  a  second  clone  with 
specificity  for  D  antigens.   When  autologous  TNP-modified  spleen  cells 
were  used  to  stimulate  responding  spleen  cells,  the  resultant  H-2D  TNP 
specific  effectors  were  examined  for  the  presence  of  L-TNP  specific  killers. 
Using  cold  target  inhibition  and  antibody  blocking  methods,  effector  cells 
generated  against  putatatively  TNP  modified  H-2L  products  were  not  detected. 
Therefore,  although  the  L  alloantigens  are  capable  of  inducing  allogeneic 
cytotoxic  effector  cells,  they  may  not  be  capable  of  inducing  syngeneic 
effector  cells  specific  for  TNP  modified  antigens. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   This 
work  extends  the  understanding  of  genetic  loci  and  their  products  which  map 
in  the  major  histocompatibility  complex  (MHC)  and  examines  their  immuno- 
logical relevance  for  T-lymphocyte  recognition.   It  also  provides  information 
concerning  the  immunological  implications  involved  in  mutations  within  the 
MHC. 

Proposed  Course  of  Project:   At  the  present,  we  have  no  further  immediate 
plans  for  this  project.   The  H-2L  locus  may  be  used  in  some  particular 
experiments  for  hapten  modified  self  systems,  and  if  so,  will  be  included 
under  those  topics. 

Publications 

Levy,  R.  B.  and  Hansen,  T.  H. :   Functional  studies  of  the  products  of  the 
H-2L  locus.   Immunogenetics   20:   7,  1980. 
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Project  Description 

Objectives:   The  primary  objectives  of  this  laboratory  are  to  investigate 
the  function  of  T  lymphocytes,  the  role  of  self  recognition,  and  the  effects 
of  major  histocompatibility  genes  on  the  murine  and  human  immune  systems. 
The  specific  goal  of  this  project  was  to  investigate  the  requirements  for 
the  generation  of  "autosensitized"  effector  cells,  as  well  as  the  antigens 
involved  in  the  stimulation  of  these  effector  cells  and  the  antigens  in- 
volved in  the  lytic  phase  of  the  response. 

Methods  Employed:   Spleen  cells  from  various  mouse  strains  were  cultured  in 
vitro  for  5  days,  and  assayed  on  a  number  of  ^lcr-labelled  H-2  matched  or 
unmatched  target  cells.   Non-radioactive ly  labelled  ("cold")  tumor  cells 
were  used  to  inhibit  the  cytotoxic  effector  cells. 

Major  Findings:   Cytotoxic  effector  cells  were  detected  after  mouse  spleen 
cells  were  cultured  in  vitro  for  5  days  without  the  addition  of  non-self 
(H-2)  or  modified  stimulator  cells.   The  effector  cells  were  shown  to  be 
T-lymphocytes.   Direct  cytotoxic  lysis  indicated  that  H-2  matched  target 
cells  were  lysed  to  a  greater  extent  than  H-2  unmatched  targets.   Cold  tar- 
get inhibition  studies  confirmed  these  results  and  suggested  that  at  least 
two  clones  of  cytotoxic  effectors  were  present:   one  clone  inhibitable  with 
H-2  matched  cells  only,  another  clone  inhibitable  with  either  H-2  matched  or 
H-2  unmatched  cells.   Of  several  strains  examined,  spleen  cells  from  H-2d 
haplotype  strains  generated  significantly  greater  (high  responder)  levels  of 
cytotoxicity  than  H-2b  and  h-2^  (low  responder)  spleen  cells.   High  respon- 
siveness appeared  to  be  dominant,  since  cells  from  F]_  hybrids  of  high  and 
and  low  responders  generated  strong  responses. 

The  generation  of  these  effector  cells  appeared  to  depend  on  the  serum 
source  used  to  supplement  the  sensitization  medium,  since  only  spleen  cells 
cultured  in  fetal  calf  but  not  horse  serum  generated  this  lytic  activity. 
The  incubation  of  target  cells  in  various  serum  sources  supported  these 
conclusions.   Target  cells  assayed  in  fetal  calf  serum  were  significantly 
more  susceptible  to  "autosensitized"  effector  cells  than  the  same  target 
assayed  in  a  different  serum  source  (horse,  minipig). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   This 
study  provides  an  example  of  major  histocompatibility  restricted  cytotoxicity 
in  which  the  modifying  agent  possibly  (some  undefined  component  of  fetal  calf 
serum)  does  not  require  covalent  linkage  to  or  infection  of  the  cells.   It 
permits  a  study  of  fetal  serum  proteins  with  respect  to  their  ability  to 
interact  with  tumor  cells  and  the  immunogenicity  resulting  therefrom.   This 
work  also  has  implications  concerning  the  nature  of  immune  recognition  of 
syngeneic  tumor  cells  maintained  in  fetal  calf  serum  supplemented  media  and 
permits  an  analysis  of  the  MHC  restricted  and  non-restricted  components 
of  the  response. 

Proposed  Course  of  Project:   Various  serum  sources  will  be  examined  for  their 
ability  to  support  the  generation  of  "autosensitized"  effector  cells.   The 
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significance  of  various  serum  components  (ex.  fetal  proteins)  in  the  in- 
duction of  this  response  will  be  investigated,  since  the  difference  in  the 
susceptibility  of  various  tumor  cells  to  autosensitized  effectors,  as  well 
as  the  high  and  low  responsiveness  of  various  H-2  strains  could  be  a  result 
of  the  ability  of  each  cell  type  to  bind  a  critical  serum  component.   The 
genetic  aspects  of  the  high  and  low  responder  strains  will  be  further 
studied.   A  clonal  analysis  of  the  restricted  and  non-restricted  components 
will  be  attempted  by  cloning  single  cells  in  long-term  cultures  in  the 
presence  of  T-cell  growth  factor.   If  this  is  possible,  we  may  be  able  to 
investigate  why  some  effector  populations  are  MHC  restricted  whereas  others 
are  not  and  to  compare  the  receptors  on  these  sub-populations  of  T-killer 
cells. 

This  project  has  been  terminated  due  to  lack  of  interest  and  time.   Any 
additional  experiments  performed  on  this  topic  will  be  included  in  project 
number  Z01-CB-05038. 

Publications 

Levy,  R.  B.,  Shearer,  G.  M. ,  Kim,  K.  J.,  and  Asofsky,  R.  M.   Xenogeneic 
serum-induced  murine  cytotoxic  cells:   I.  The  generation  of  effector 
components  specific  for  self  and  allogeneic  target  cells.   Cell.  Immunol. 
48:   276-287,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Conditions  have  been  developed  for:   (a)  in  vitro  stimulation  of  influenza 
virus-immune  cytotoxic  effector  cells  in  human  peripheral  blood  leukocyte 
(PEL)  populations;  and  (b)  measurement  of  effector  cell  activity  on  virus- 
infected  cryopreserved  human  PBL  target  cells.   Effector  cells  generated  in 
vitro  and  influenza  type  (but  not  subtype)  specific  and  are  HLA-A  and  HLA-B 
restricted.   The  cytotoxic  response  appears  to  be  controlled  by  HLA-linked 
immune  response  (Ir)  genes  since:   (a)  cytotoxic  activity  is  predominantly 
associated  with  antigens  of  only  one  haplotype;  and  (b)  effector  cells  from 
certain  donors  recognize  virus  in  association  with  some  but  not  all  self 
HLA-A  and  -B  antigens.   This  Ir  gene  control  is  HLA-linked  and  antigen- 
specific,  since  preferential  recognition  among  HLA-identical  siblings  is 
different  for  influenza  A  and  B  viruses. 
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Project  Description 

Objectives:   The  primary  objectives  of  this  laboratory  are  to  investigate  the 
function  of  T  lymphocytes,  the  role  of  self  recognition,  and  the  effects  of 
major  histocompatibility  genes  on  the  murine  and  human  immune  systems.   These 
studies  are  being  pursued  using  mouse  and  human  leukocytes  which  are  sen- 
sitized to  autologous  cells  either  modified  with  chemical  agents  (e.g.  the 
trinitrophenyl  group)  or  infected  with  viruses  (e.g.  influenza,  measles). 
The  objectives  of  this  project  are  to:   (a)  define  the  components  of  the 
human  major  histocompatibility  complex  (HLA)  which  are  recognized  in  associa- 
tion with  viral  antigens  by  cytotoxic  T  cells;  (b)  analyze  the  virus 
specificity  of  human  influenza  immune  cytotoxic  T  cells;  (c)  determine  if 
there  is  any  "Ir-like"  genetic  control  of  human  T  cell  response  potential 
to  influenza  viruses;  (d)  characterize  the  human  cell  populations  re- 
quired to  generate  virus-immune  cytotoxic  T  cells;  and  (e)  to  determine 
whether  different  sites  or  epitopes  on  the  HLA  molecule  can  be  identified 
which  serve  as  self  recognition  structures  for  recognition  of  virus. 

Methods  Employed:   Human  PBL  were  obtained  from  normal  adult  volunteers, 
separated  on  a  Ficoll-Hypaque  gradient,  and  sensitized  in  vitro  to  live 
influenza  viruses.   Cytotoxic  activity  was  measured  by  ^  Cr  release  from 
cryopreserved  peripheral  blood  cells  which  were  thawed,  stimulated  with  PHA, 
and  infected  with  influenza  virus. 

Major  Findings:   The  human  secondary  cytotoxic  T  cell  response  in  vitro  to 
type  A  influenza  viruses  is  predominantly  directed  against  cross-reactive 
determinants  on  cells  infected  with  serologically  distinct  type  A  influenza 
viruses.   Reciprocal  exclusion  of  cytotoxicity  was  observed  between  effectors 
sensitized  to  type  A  and  B  influenza  viruses.   Human  influenza  virus-immune 
cytotoxic  T  cells  recognize  viral  determinants  predominantly  (>90%)  in  con- 
junction with  self  antigens  that  are  encoded  by  genes  closely  linked  to  HLA 
in  family  studies  and  that  are  highly  associated  with  the  HLA-A  and  -B  loci 
in  population  studies.   In  a  family  study,  siblings  consistently  generated 
cytotoxic  activity  against  influenza  predominantly  in  association  with  anti- 
gens coded  by  genes  of  only  one  of  their  HLA  haplotypes.   Such  haplotype 
preferences  were  consistent  among  HLA-identical  siblings,  indicating  that 
the  specificity  of  the  T  cell  response  to  influenza  virus  in  association 
with  HLA-A  and  -B  antigens  is  controlled  by  genes  linked  to  HLA.   Virus- 
immune  effectors  from  certain  donors  recognize  virus  in  conjunction  with 
some,  but  not  all,  of  their  self  HLA-A  and  -B  antigens.   Among  donors  who 
who  share  a  given  HLA  antigen  (such  as  A2  or  B7),  there  are  differences  in 
the  ability  of  their  virus-immune  T  cells  to  recognize  the  shared  antigen. 
Virus-infected  target  cells  from  HLA-A2  or  B7  "nonresponder"  donors  could  be 
lysed  by  virus-immune  T  cells  obtained  from  other  donors  who  shared  only 
the  HLA-A2  or  -B7  antigen  with  these  target  cells.   These  observations 
suggest  that  the  absence  of  cytotoxic  T  cell  responses  by  some  donors  to 
influenza  virus  in  conjunction  with  particular  self  HLA-A  and  -B  antigens 
is  not  due  to  control  by  the  structural  genes  which  code  for  these  HLA 
antigens,  but  rather  may  result  from  control  of  regulatory  genes  which  act 
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at  the  level  of  the  responder  and/or  stimulator  cell.   An  individual  with 
a  variant  HLA-A2  molecule  has  been  detected  by  influenza-specific  and 
allogeneic  cytotoxic  responses.   This  variant  is  not  detectable  by  serotypingj 
but  has  been  verified  by  HLA  peptide  analysis. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   This 
project  is  of  fundamental  immunological  importance,  since:   (a)  it  provides 
one  of  the  first  known  examples  of  cell-mediated  immunity  which  involves 
self-recognition  by  human  lymphocytes,  and  (b)  it  involves  a  virus  which  is 
of  significance  in  human  disease.   Furthermore,  this  system  can  be  used  to 
test  a  number  of  major  histocompatibility-linked  immune  phenomena  in  man 
which  are  known  to  occur  in  mice  (e.g.,  MHC-restriction,  haplotype  prefer- 
ence, and  Ir  gene  control). 

Proposed  Course  of  Project:   Further  studies  will  be  performed  using  lympho- 
cyte populations  from  unrelated  HLA  matched  and  unmatched  individuals,  and 
from  members  of  families  including  those  known  to  be  recombinants  within 
the  HLA  complex  in  order  to  better  define  the  components  of  the  HLA  complex 
which  are  recognized  in  association  with  viral  antigens.   Studies  will 
be  performed  to  examine  antigen  specificity  of  HLA-linked  genetic  control 
of  virus-immune  T  cell  specificity.   Preliminary  results  suggest  that 
there  are  differences  in  the  HLA  haplotype  preferences  observed  between 
T  cells  sensitized  to  A/HK.  and  B/HK  influenza  viruses.   In  population 
studies,  there  are  differences  between  A/HK  and  B/HK-imraune  T  cells  in 
recognition  by  T  cells  may  help  to  determine  whether  different  repertoires 
for  foreign  antigens  exist  for  T  cells  which  recognize  different  self 
determinants.   We  plan  to  determine  if  differences  in  HLA  recognition 
by  virus-immune  T  cells  are  due  to  differences  in  the  responder  and/or 
stimulator  cell  functions.   In  order  to  use  responder  and  stimulator 
peripheral  blood  leukocytes  from  different  individuals  for  generation  of 
virus-immune  cytotoxic  T  cells,  it  is  first  necessary  to  remove  any 
responder  cells  capable  of  generating  an  alloimmune  response  against  the 
stimulator  cells.   To  remove  this  alloreactive  potential,  we  are  developing 
a  negative  selection  technique  based  on  specific  adherence  of  T-cells  to 
monolayers  of  cells  expressing  alloantigens.   We  also  plan  to  investigate 
whether  influenza  virus  can  be  recognized  in  association  with  different 
HLA-coded  self  determinants  by  attempting  to  block  the  cytotoxic  reaction 
with  monoclonal  antibodies  directed  against  distinct  parts  of  HLA  molecules. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  was  to  study  the  nature  of  the  forces  through 
which  proteins  and  nucleic  acids  recognize  one  another.   The  protein  which 
was  examined  was  pancreatic  ribonuclease-A,  ribonuclease-S ,  S-protein, 
S-peptide  and  various  chemical  modifications.   The  model  for  the  nucleic  acid 
was  polyadenylic  acid,  oligomers  of  adenylic  acid  and  various  derivatives. 
Interactions  were  measured  by  analytical  and  sucrose  gradient  ultracentrifuga- 
tion  as  well  as  by  gel  chromatography,  ultraviolet  absorption  spectroscopy 
and  fluorescence. 
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Project  Description 

Objectives:   Polyadenylic  acid,  whether  added  to  RNA  or  covalently  attached 
to  the  3 '-terminus  as  found  with  many  mRNA  species,  prevents  the  hydrolytic 
action  of  ribonuclease.   In  the  presence  of  spermine  or  Mn   the  enzyme  has 
full  hydrolytic  activity  and  the  nucleic  acid  is  degraded.   The  purpose  of 
the  study  was  to  determine  the  nature  of  the  functional  groups  of  RNase  which 
interact  with  poly (A)  as  well  as  the  functional  groups  of  the  purine  which 
participate  in  the  interaction. 

Methods  Employed:   Chemical  modification  of  protein  functional  groups, 
characterization  of  the  modified  protein,  isoelectric  focusing,  affinity 
chromatography,  sucrose  density  gradient  ultracentrifugation,  analytical 
ultracentrifugation,  gel  chromatography,  ultraviolet  absorption  spectroscopy, 
fluorescence,  autoradiography. 

Major  Findings:   A.   Native  ribonuclease-A  slowly  hydrolyzes  poly (A).   The 
polyadenylic  acid  is  protected  by  spermidine  or  MnCl„  against  the  hydrolytic 
activity  of  the  enzyme.   While  treatment  of  the  enzyme  with  iodoacetic  acid 
inhibits  catalytic  activity  towards  RNA  or  cCMP,  carboxymethyl-RNase  has 
full  activity  towards  poly (A) . 

Modification  of  tyrosyl  residues  by  either  iodination  or  nitration  does 
not  affect  hydrolytic  activity  towards  RNA  or  poly (A)  although  treatment  of 
the  enzyme  with  acetylimidazole  which  has  been  reported  to  be  selective  for 
tyrosyl  residues  does  inhibit  the  activity  against  poly (A)  with  no  change 
in  activity  towards  RNA  or  cCMP. 

Treatment  of  RNase-A  with  increasing  amounts  of  succinic  anhydride 
causes  a  very  small  decrease  in  activity  towards  cCMP  and  RNA  but  produces 
a  complete  loss  of  activity  towards  polyadenylic  acid.   The  degree  of 
succinylation  of  the  protein  was  followed  by  isoelectric  focusing  as  well  as 
by  using  -^C-labelled  succinic  anhydride.   The  results  indicate  that 
succinylation  of  two  lysyl  residues  out  of  a  total  of  ten  can  completely 
destroy  the  hydrolytic  activity  towards  poly (A).   While  the  hydrolysis  of 
cCMP  or  RNA  by  native  RNase  is  completely  inhibited  by  poly (A) ,  the  poly- 
nucleotide has  no  effect  on  the  hydrolysis  of  these  two  substrates  using 
succinyl-RNase . 

There  are  other  indications  that  the  active  site  of  ribonuclease 
towards  poly (A)  is  not  the  same  site  as  that  against  cCMP  or  RNA.   For 
example,  2'-UMP  inhibits  the  enzymatic  hydrolysis  of  cCMP  and  RNA  but 
enhances  the  rate  of  hydrolysis  of  poly (A).   Ribonuclease  S-protein  (i.e., 
RNase  in  which  the  first  20  amino  acid  residues  are  missing)  has  no  activity 
towards  RNA  or  cCMP  but  is  able  to  hydrolyze  poly(A). 

Preliminary  results  suggest  that  succinyl-RNase  is  still  able  to  bind 
poly (A)  but  cannot  hydrolyze  the  polynucleotides. 
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Studies  are  currently  under  investigation  to  determine  the  affinity  of 
succinyl-RNase  for  a  typical  RNase  inhibitor  using  affinity  chromatography. 
Using  isoelectric  focusing  methods  we  found  succinylated  RNase  to  be  a  very 
heterogeneous  mixture  and  not  possible  to  separate  into  distinct  species 
by  currently  available  methods. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  interaction  of  the  polyadenylic  acid  portion  of  mRNA-  poly  A  with  RNase 
suggests  a  role  for  the  polynucleotide  in  control  of  cellular  regulation. 
It  is  becoming  increasingly  evident  that  particular  cellular  proteins  can 
control  cell  growth  and  transformation  by  binding  to  nucleic  acids  -  DNA  or 
RNA.   An  understanding  of  the  forces  through  which  the  proteins  and  nucleic 
acids  recognize  one  another  for  example  should  permit  one  to  synthesize 
drugs  which  could  interfere  with  the  interaction  -  and  thus  interfere  with 
transformation. 

Proposed  Course  of  the  Project:   Because  of  higher  priority  of  other  research 
objectives  and  of  technical  difficulties  associated  with  the  heterogeneity 
of  modified  RNase,  the  project  was  terminated. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  ability  of  mammalian  species  to  respond  to  in  vivo  challenges  with  complex 
antigens  develops  in  a  time  dependent  manner  during  embryonic  and  neonatal  life 


Functional  or  structural  immaturity  of  B  cells,  T  cells,  and  accessory  cells 
in  fetal  or  neonatal  animals  as  well  as  active,  non-specific  suppression  of 
humoral  and  cellular  immune  responses  by  neonatal  immunocytes  has  been 
reported.   Utilizing  two  systems,  1)  the  in  vitro  primary  antibody  response  to 
soluble  hapten-protein  conjugates,  and  2)  the  one  way  mixed  lymphocyte 
response,  it  has  been  shown  that  thymic  T  cells  and  both  splenic  T  and  non-T 
cells  are  capable  of  actively  suppressing  immune  response  by  cells  from 
adult  animals.   The  splenic  adherent  cell  population  (SAC)  isolated  from 
neonates  was  also  shown  to  be  an  inefficient  antigen  presenting  accessory 
cell.   These  neonatal  SAC  were  also  inefficient  stimulators  of  MLR  across  both 
H-2  and  Mis  differences.   Fluorescent  microscopic  studies  revealed  that  fewer 
neonatal  SAC  were  la  positive  than  adult  SAC.   Moreover  the  development  of 
functional  accessory  cell  activity  with  age  paralleled  the  expression  of  la 
antigens  by  SAC. 555 
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Project  Description 

Objectives:   Investigation  is  under  way  concerning  the  maturation  of  the  immune 
response  in  mice  to  soluble  hapten-protein  conjugates.   Inability  to  respond 
to  various  antigens  has  been  noted  in  many  species  during  embryonic  development 
and  in  the  neonatal  period.   Spleen  cells  from  7  to  10  day  old  mice  are  unable 
to  respond  in  vitro  to  soluble  TNP-KLH  as  measured  by  a  plaque  forming  cell 
assay  of  primary  IgM  antibody  response.   The  mechanism  of  this  neonatal  un- 
responsiveness is  the  object  of  this  project. 

Methods  Employed:   The  major  experimental  systems  employed  include  in  vitro 
primary  antibody  responses  as  measured  by  a  plaque  forming  cell  response,  the 
one  way  mixed  lymphocyte  response  and  cell  surface  immunof luorescent 
labelling.   Cell  separation  procedures  include  nylon  non-adherence  to  obtain 
populations  enriched  in  T  cells;  RaMB  and  complement  treatment  and  G10  Sephadex 
passage  to  obtain  populations  enriched  in  B  cells,  G10  Sephadex  passage  to 
obtain  macrophage  or  accessory  cell  depleted  populations  and  glass  adherence 
for  macrophage  or  adherent  cell  populations. 

Major  Findings:   The  ability  of  spleen  cells  to  respond  to  soluble  TNP-KLH 
appears  approximately  2-3  weeks  after  birth  in  BALB/c  mice  with  inconsistent 
responses  prior  to  this  period.   Responses  appear  maximal  around  2-7  months 
of  age.   The  nature  of  neonatal  unresponsiveness  in  vivo  and  in  vitro  could 
result  from  active  suppression  in  neonatal  spleen  cells  and/or  from  defects  in 
the  functional  capacity  of  one  or  more  neonatal  populations.   In  the  present 
study,  unf ractionated  neonatal  spleen  cells  consistently  suppressed  antibody 
responses  by  adult  spleen  cells.   Attempts  to  isolate  a  population  containing 
the  suppressor  cell(s)  led  to  the  finding  that  both  "T-enriched"  (nylon-non- 
adherent)  and  "non-T"  (RaMB+C  treated  and/or  G10  passed,  RaMB+C  treated) 
populations  could  mediate  this  suppression.   Treatment  with  T  cell  specific 
reagents  (RaMB,  a6ascites  and  an  aGhybridoma)  failed  to  abrogate  the 
suppressor  activity  in  neonatal  spleens.   Treatment  of  neonatal  spleen  with 
a  la  antisera  and  C  also  had  no  effect  on  this  active  suppression.   Studies 
aimed  at  determining  the  immune  competence  of  subpopulations  of  neonatal  spleen 
(e.g.  T  cells,  B  cells,  and  macrophages)  were  complicated  by  the  presence  of 
active  suppressor  cells  in  both  the  T  and  non-T  cell  subpopulation.   The 
function  of  accessory  cells  could  be  investigated  because  of  the  relative 
radioresistance  of  accessory  cell  function  and  the  relative  radiosensitivity 
of  the  suppressor  cell  activity  of  neonatal  spleen  cells.   The  ability  of 
neonatal  and  adult  adherent  spleen  cells  to  function  as  accessory/antigen 
presenting  cells  was  assessed  for  in  vitro  primary  antibody  responses  to  TNP- 
KLH.   Neonatal  splenic  adherent  cells  (SAC)  were  shown  to  be  less  efficient 
antigen  present  accessory  cells  than  adult  SAC  and  this  ability  was  shown  to 
mature  in  a  time  dependent  manner.   It  was  demonstrated  that  fewer  latex- 
phagocytic  cells  in  the  neonatal  adherent  spleen  cell  populations  expressed 
cell  surface  la  antigens  than  adult  splenic  latex-phagocytic  cells.   The 
expression  of  la  antigens  on  latex-phagocytic  cells  progresses  from  the 
neonatal  period  into  adult  life  and  reaches  plateau  values  approximately 
6  weeks  after  birth.   The  appearance  of  an  increasing  proportion  of  la 
positive,  latex-phagocytic  cells  in  the  SAC  subpopulation  was  shown  to 
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correlate  highly  with  the  ability  of  this  population  to  function  as  antigen 
presenting  accessory  cells  for  in  vitro  responses  to  TNP-KLH.   The  observation 
that  cells  within  the  SAC  population  are  the  major  stimulators  of  the  murine 
mixed  lymphocyte  response  (see  Project  #  Z01-CB-05069-03   I)  led  us  to 
investigate  the  ontogeny  of  cellular  stimulatory  ability  in  the  MLR.   As  was 
observed  for  accessory  and  antigen  presenting  function,  neonatal  SAC  were  less 
potent  stimulators  of  T  cell  proliferation  than  adult  SAC  when  the  stimulator 
and  responder  strains  differed  either  at  the  Mis  locus,  the  entire  murine 
major  histocompatibility  complex  (H-2)  or  subregions  within  H-2.   The  develop- 
ment of  this  ability  to  stimulate  mixed  lymphocyte  responses  across  I  region- 
encoded  determinant  differences  paralleled  the  ontogenetic  rate  of  expression 
of  these  antigens  on  SAC  as  examined  by  immunof luorescent  techniques.   The 
ability  of  neonatal  and  adult  SAC  to  stimulate  either  allogeneic  CML  or 
"TNP-modif ied  self"  CML  was  comparable  and  fluorescent  investigation  of 
expression  on  K  region  encoded  determinants  on  these  cells  revealed  that  the 
majority  of  both  newborn  and  adult  SAC  bore  these  determinants.   It  was  also 
confirmed  that  slgM  positive  splenic  (B)  cells  are  virtually  all  la  antigen 
positive  by  the  end  of  the  first  postnatal  week. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   It  is 
known  that  immune  responsiveness  in  neonatal  and  senescent  animals  is  de- 
ficient relative  to  adult  animals  of  that  species.   Information  concerning 
the  mechanisms  of  neonatal  immune  deficiency  is  incomplete  and  investiga- 
tions in  this  area  will  be  applicable  to  the  process  of  differentiation 
and  to  possible  means  of  modulation  of  responsiveness.   It  is  also  known 
that  the  incidence  of  malignant  neoplasms  is  greatest  at  the  extremes  of 
life  and  it  has  been  postulated  that  defects  in  "immunologic  surveillance" 
may  play  a  role  in  this  occurrence.   Studies  of  neonatal  cellular  competence 
and  the  mechanism  of  action  of  neonatal  suppressor  cells  may  shed  light  on 
these  postulated  defects.   This  work  demonstrates  that  neonatal  immunoin- 
competence  is  the  result  of  a  complex  interplay  of  suppressor  cell  influence 
and  immaturity  of  one  or  more  of  the  cell  population  required  for  responsive- 
ness.  Evidence  has  been  accumulated  that  the  ontogenetic  rate  of  expression 
of  la  antigens  differs  on  different  populations  of  cells  involved  in  immune 
responses  and  that  the  expression  of  la  antigen  on  cells  within  the  SAC 
population  is  fundamental  for  their  cooperation  in  antibody  responses. 

Proposed  Course  of  Project:   Continuing  studies  will  pursue  the  cellular 
causes  of  the  inability  of  neonatal  animals  to  respond  to  soluble  antigens. 
Specifically,  the  ability  of  neonatal  SAC  to  provide  accessory  cell 
function  for  responses  to  T  Independent,  macrophage  dependent  antigens 
like  TNP-Ficoll  will  be  investigated.   In  addition,  means  of  inducing 
expression  of  la  antigens  on  cells  within  the  SAC  population  will  be 
investigated. 

Publications 

Nadler,  P.  I.,  Klingenstein,  R.  J.,  and  Hodes,  R.  J.:   Ontogeny  of  neonatal 
accessory  cells.   la  antigen  expression  and  function  in  in  vitro  primary 
antibody  responses.   J.  Immunol. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  examine  the  proteins  and  peptides  of 
lymphocytes,  cerebrospinal  fluid,  urine  and  plasma  obtained  from  a  family  with 
Alzheimer  disease,  using  two  dimensional  gel  electrophoresis.   Lymphocytes 
were  examined  directly  after  separation  on  Ficol/Hypaque  or  stimulated  with 
PHA  to  incorporate  35g_methionine.   Other  clinical  samples  were  analyzed 
directly  on  two  dimensional  gels  using  a  super-sensitive  silver  stain  developed 
during  the  course  of  this  study. 
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Project  Description 

Objectives:   The  purpose  of  this  study  was  to  examine  biological  samples 
through  the  use  of  two  dimensional  gel  electrophoresis.   With  Escherichia 
coli,  the  controls  and  mutants  could  be  grown  in  l^C-amino  acids  so  that  new 
proteins  or  modified  proteins  could  be  detected  by  autoradiography.   Similarly 
macrophages  P388D..  could  also  be  grown  in  the  presence  of  radioactive  pre- 
cursors and  in  the  presence  or  absence  of  asbestos.   Lymphocytes  could  be 
stimulated  to  incorporate  radioactive  amino  acids  if  they  are  stimulated  with 
PHA  but  other  biological  fluids  cannot  be  obtained  with  radioactive  proteins 
or  peptides.   For  this  purpose  it  was  necessary  to  obtain  a  method  that 
would  stain  proteins  and  peptides  present  in  nanogram  quantities. 

Methods  Employed:   Isoelectric  focusing,  SDS  polyacrylamide  gel  electro- 
phoresis, computer  analysis  of  gels  by  flicker  method,  chemical  synthesis  of 
peptides,  assay  of  macrophage  factors,  staining  of  proteins,  peptides, 
glycoproteins,  autoradiography  and  f luorography. 

Major  Findings:  A)   A  silver  stain  was  found  which  will  permit  detection  of 
proteins  and  peptides  present  in  gels  in  quantities  of  O.lng.   This  has 
permitted  detection  of  polypeptides  in  urine  and  CSF  not  found  previously. 

B)  A  peptide  was  found  in  the  urine  of  patients  with  Alzheimer's 
disease  that  is  absent  in  other  family  members  who  do  not  have  an  active 
disease  and  is  absent  in  normal  controls.   There  are  also  many  different 
protein  patterns  in  PHA  stimulated  lymphocytes  from  these  patients  compared 
to  normals;  however,  the  action  of  PHA  is  not  absolutely  reproducible. 
Further  examination  of  resting  lymphocytes  is  being  carried  out  with  our  new 
stain. 

C)  Asbestos  fibers  are  taken  up  by  macrophages  by  phagocytosis.   Fibers 
of  a  critical  length  will  eventually  kill  the  macrophages.   An  examination 

of  the  proteins  of  P388D  macrophages  in  the  presence  or  absence  of  asbestos 
was  made  using  2D  electrophoresis.   There  were  many  proteins  that  were 
absent  in  the  macrophages  having  asbestos.   Further  studies  on  specific 
factors  in  macrophages  in  the  presence  or  absence  of  asbestos  are  under 
investigation. 

D)  An  attempt  is  being  made  to  isolate  the  opiate  receptor  on  neuro- 
blastoma x  ghoma  hybrids  by  crosslinking  a  synthetic  radiolabeled  eukephalin 
to  the  receptor  on  these  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Examination  of  proteins  in  normal  cells  and  cells  obtained  from  patients 
may  prove  to  be  extremely  useful  in  the  molecular  diagnosis  of  disease. 

Proposed  Course  of  the  Project:   This  project  has  been  terminated.   The 
method  proved  to  be  invalid  for  the  purpose  originally  intended. 
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Publications 

Switzer  III,  R.  C,  Merril,  C.  R. ,  and  Shifrin,  S.:   A  highly 
sensitive  silver  stain  for  detecting  proteins  and  peptides  in  polyacrylamide 
gels.   Anal.  Biochem.  98:   231-237,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  study  was  initiated  to  determine  the  DNA  sequence  organization  of 
the  genes  encoding  the  murine  major  histocompatibility  complex  and  the 
mechanisms  controlling  the  expression  of  these  genes. 
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Project  Description 

Objectives:   This  laboratory  has  recently  undertaken  to  study  the  molecular 
biology  of  the  major  histocompatibility  locus  (MHC)  of  the  mouse.   It  is  known 
that  the  structural  products  regulated  by  this  region  of  the  genome  are  highly 
polymorphic  and  responsible  for  both  transplantation  rejection  and  regulation 
of  immune  responses. 

Genetic  studies  have  shown  that  the  genes  involved  in  regulating  the 
expression  of  the  transplantation  antigens,  as  well  as  those  involved  in 
regulating  the  immune  response  are  all  linked  on  a  single  chromosome. 
Therefore,  this  region  becomes  of  considerable  interest  in  studying  the 
regulation  of  a  coordinated  set  of  functions.   The  object  of  the  studies  in 
this  laboratory  is  to  characterize  the  genome  organization  and  regulation  of 
expression  of  this  family  of  genes. 

Methods  Employed:   Two  separate  approaches  are  being  taken  to  attempt  to  purify 
the  genes  of  the  murine  MHC  locus.   In  the  first,  the  mRNA  species  encoding 
MHC  products  are  being  purified  from  the  spleens  of  inbred  strains  of  mice. 
The  purification  is  being  monitored  by  the  ability  of  various  mRNA  fractions 
to  direct  the  cell  free  synthesis  of  the  structural  products.   The  purified 
mRNA  species  will  then  serve  as  templates  in  the  synthesis  of  double  stranded 
cDNA  which  will  be  propagated  in  recombinant  bacterial  plasmids. 

The  alternative  approach  to  studying  the  genomic  organization  of  the  MHC  locus 
involves  the  direct  isolation  of  the  individual  genes  encoding  the  various 
structural  products.   Total  mouse  DNA,  isolated  from  the  livers  of  inbred 
strains  of  mice,  is  enzymatically  fragmented,  and  each  fragment  inserted  into 
a  viral  vector.   This  mouse  library  is  then  screened  using  a  probe  specifically 
designed  to  identify  one  of  the  MHC  genes.   Isolation  of  a  MHC  gene  will  allow 
an  analysis  of  the  organization  of  a  single  constitutively  expressed  gene,  as 
well  as  its  relationship  to  other  members  of  a  multigene  family. 

Both  of  these  approaches  require  assays  which  will  unambiguously  characterize 
the  isolated  genes.   To  this  end,  it  is  necessary  to  develop  an  in  vitro 
translational  system  in  which  MHC  products  could  be  synthesized  and  identified. 
Two  such  systems  have  been  utilized:   a  cell-free  reticulocyte  lysate  and  frog 
oocytes. 

Major  Findings:   Screening  of  a  mouse  library  with  a  specific  probe 
identified  a  small  number  of  genomic  fragments  which  might  contain  an  MHC 
gene.   This  indicates  that  the  probe  has  identified  a  small,  discrete 
population  of  sequences  within  the  entire  genome.   Furthermore,  it  suggests 
that  the  reiteration  frequency  of  this  particular  sequence  in  the  genome  is 
between  10  and  100  copies.   To  date,  nine  of  the  identified  genomic  fragments 
have  been  isolated  and  purified.   Partial  DNA  sequence  analysis  by  use  of 
restriction  enzymes  has  been  performed  on  all  of  these  DNA  segments.   There 
are  at  least  six  alternative  arrangements  of  DNA  sequences  identified  in 
this  manner.   Since  it  is  unlikely  that  such  a  sequence  occurs  randomly 
even  once  in  the  genome,  these  results  suggest  that  all  of  these  genomic 
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fragments  belong  to  a  single  multigene  family.   It  has  further  been  shown 
that  these  sequences  are  represented  in  the  expressed,  poly  AT  RNA  fraction 
of  spleen  cells. 

Studies  on  the  in  vitro  synthesis  of  MHC  products  have  yielded  new  insights 
into  the  biogenesis  of  MHC  products.   PolyA+-RNA  was  isolated  from  mouse 
spleen,  translated  in  a  variety  of  in  vitro  translational  systems,  and 
subsequently  identified  by  selective  immunoprecipitation.   Translation  of 
polyA+-RNA  in  a  cell-free  reticulocyte  lysate  system  results  in  the  synthesis 
of  precursors  of  MHC  products  which  display  the  gross  structural  features 
of  the  MHC  antigens,  but  not  those  features  unique  to  the  mature,  membrane- 
bound  MHC  antigens.   The  generation  of  mature  MHC  products  in  vitro  requires 
the  presence  of  a  membrane  fraction  during  synthesis.   This  was  demonstrated 
by  translating  polyA+-RNA  in  either  frog  oocytes  or  in  the  reticulocyte 
lysate  supplemented  with  dog  pancreatic  microsomes.   In  these  cases,  the 
observed  product  has  acquired  the  unique  structural  features  of  the  mature 
MHC  antigens.   It  has  been  determined  that  the  RNA  species  encoding  the 
transplantation  antigens  and  la  antigens  have  sedimentation  coefficients 
of  approximately  16S  and  12S,  respectively. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Genetic 
studies  in  a  number  of  mammals,  including  man,  mouse  and  guinea  pig,  have 
demonstrated  the  existence  of  immune  response  genes  which  control  cellular 
interactions  leading  to  both  humoral  and  cellular  immunity.   The  inability 
of  an  animal  to  respond  to  a  given  antigen  or  to  reject  foreign  tissue 
probably  represents  a  genetic  defect.   Despite  the  clear  importance  of  the 
major  histocompatibility  locus  in  the  immune  response,  nothing  is  known  at 
the  molecular  level  about  the  content,  genetic  organization  or  regulation  of 
expression  of  this  multigene  family.   An  understanding  of  the  molecular 
basis  of  the  MHC  may  afford  the  possibility  of  treating  various  immuno- 
deficiency diseases  by  appropriate  genetic  manipulations. 

Proposed  Course  of  Project:   The  analysis  of  the  organization  of  the  genes 
encoding  the  MHC  will  proceed  along  two  lines:   (1)  Purification  of  the  mRNA 
species  encoding  the  MHC  product.   Once  purified,  these  mRNA  molecules  will 
be  used  as  templates  to  synthesize  double-strand  cDNA,  which  will  be 
propagated  in  recombinant  plasmids.   These  cloned  informational  genes  will 
be  used  to  analyze  the  organization  of  the  MHC  genes  and  their  expression  in 
conjunction  with  purified  genomic  genes. 

(2)  Characterization  of  the  putative  MHC  genomic  clones.   The  genomic 
clones  already  isolated  will  be  analyzed  to  determine  which,  if  any, 
contains  a  structural  MHC  gene.   It  will  then  be  possible  to  analyze  the 
structure  of  this  gene;  namely,  the  number  and  position  of  intervening 
sequences.   The  relationship  of  these  genomic  clones  to  each  other  and  to 
other  MHC  genes  will  be  investigated.   It  should  also  be  possible  to  begin 
to  examine  the  regulation  of  expression  of  these  genes. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Human  peripheral  blood  lymphocytes  with  augmented  ADCC  activity  resulting  from 
2-day  in  vitro  stimulation  by  Concanavalin  A  have  been  quantitatively  assessed 
by  flow  microfluorometry  for  IgG  Fc  receptor  density,  affinity  and  distribution 
profiles.   Analysis  of  100,000  cell  aliquots  of  Con  A  stimulated  and  control, 
non-stimulated  cells  from  each  of  four  donors  revealed  that  4-25%  of  cells 
bore  IgG  Fc  receptors  (FcR).   Analysis  of  the  FcR  positive  cells  from  each  of 
the  4  donors  showed  that  the  average  receptor  density  for  a  donor  ranged  from 
65,000  to  72,000  receptors  per  cell,  assuming  that  each  subunit  of  Fc  receptor 
ligand  (dimeric  anti-DNP)  bound  to  an  Fc  receptor.   The  average  binding 
constant  per  donor  ranged  from  1.8  to  2.6xl07  (M-1).   Con  A  stimulation 
did  not  have  a  consistent  effect  on  either  of  these  parameters,  and  the  changes 
that  did  occur  represented  less  than  10%  of  the  values  for  control  cells.   All 
fluorescence  distribution  profiles  of  cells  with  fluorescence  labeled  Fc 
receptor  were  unimodal  and  nearly  overlapping  for  Con  A  stimulated  and  control 
cells. 
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Project  Description 

Objectives:   This  project  has  been  directed  at  understanding  the  cellular 
nature  and  mechanism  of  antibody  dependent  cell-mediated  cytotoxicity  (ADCC) 
mediated  by  activated  human  lymphocytes. 

Methods  Employed:   Heparinized  peripheral  blood  cells  are  enriched  for  leuko- 
cytes by  sedimentation  in  Plasmagel  and  are  depleted  of  monocytes  and  red 
blood  cells  by  carbonyl  iron  ingestion  followed  by  Ficoll-Hypaque  cell 
separation.   The  cells  are  cultured  for  1-2  days  in  medium  with  20%  allogeneic 
serum,  during  which  time  they  are  stimulated  with  the  mitogen  Concanavalin  A. 

Different  doses  of  stimulated  or  control  lymphocytes  are  then  coincubated  as 
effector  cells  for  4  hrs.  with  51cr-labelled  target  cells,  pretreated  with 
antiserum  from  a  multiply  transfused  aplastic  donor.   Usually  a  human  B 
lyraphoblastoid  cell  line  has  been  used  as  a  source  of  target  cells.   Pre- 
sensitized  with  IgG  antibodies,  these  target  cells  are  highly  sensitive  to 
ADCC  and  provide  a  linear  assay  for  effector  cell  activity. 

The  affinity  and  density  of  IgG  Fc  receptors  on  lymphocyte  surfaces  are 
determined  using  covalently  cross  linked  dimers  of  rabbit  anti-DNP  antibodies. 
Lymphocytes  treated  first  with  different  doses  of  dimer  and  then  with  an 
excess  of  f luorescein-conjugated  affinity  purified  Fab"  goat  rabbit  IgG  are 
analyzed  for  cell  fluorescence  using  a  FACS  II  instrument.   Dr.  Segal 
previously  demonstrated  that:   (1)  dimers  bound  to  cell  surface  Fc  receptors 
are  relatively  resistent  to  washing  procedures,  (2)  dimers  bound  to  cell 
surface  Fc  receptors  remain  cell  surface  associated  after  washing  procedures, 
(3)  the  procedures  for  labelling  IgG  dimers  bound  to  Fc  receptors  with 
fluorescent  anti-IgG  antibody  do  not  affect  the  amount  of  bound  dimer,  and  (4) 
fluorescent  emission  is  a  linear  function  of  the  number  of  IgG  dimers  bound 
per  cell. 

Major  Findings :   Previously,  we  demonstrated  that  stimulation  of  human 
peripheral  blood  lymphocytes  in  vitro  with  Con  A  enhances  effector  cell 
activity  for  ADCC.   Analysis  of  receptors  for  antibody  (FcR)  on  the  surface 
of  effector  cells  showed  no  change  in  binding  profiles  (affinity)  or  density. 
'Availability  of  more  specific  reagents  has  now  permitted  direct  quantitation 
of  these  parameters.   Analysis  of  100,000-cell  aliquots  of  Con  A  stimulated 
and  control,  non-stimulated  cells  from  each  of  4  donors  revealed  that  4-25%  of 
cells  bore  IgG-Fc  receptors.   Analysis  of  the  FcR  positive  cells  from  each  of 
the  4  donors  showed  that  the  average  receptor  density  for  a  donor  ranged  from 
65,000  to  72,000  receptors /cell,  assuming  that  each  of  subunit  of  dimeric 
anti-DNP  bound  to  an  Fc  receptor.   The  average  binding  constant  was 
1.8-6. 9xl07  (M-1).   Con  A  stimulation  did  not  have  a  consistent  effect  on 
either  of  these  parameters  and  what  changes  did  occur  represented  less  than 
10%  of  the  values  for  control  cells.  All  of  the  fluorescence  distribution 
profiles  of  cells  whose  FcR  were  labelled  with  different  concentrations  of 
antibody  dimer  were  unimodal,  and  Scatchard  plots  of  the  average  antibody 
binding  level  as  a  function  of  antibody  concentration  were  linear — both 
findings  showing  no  evidence  for  heterogeneity  in  binding  constants.   Dimer 
binding  profiles  of  Con  A  stimulated  and  control  cells  nearly  overlapped  when 
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compared  for  each  donor  at  the  different  concentrations  of  antibody  diraer.   An 
important  point  of  this  analysis  is  that  it  was  carried  out  at  0°  C.   At  higher 
temperatures s  increased  membrane  fluidity  induced  by  Con  A  stimulation  might 
increase  the  effective  FcR  affinity  for  antibody. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Antibody 
dependent  cellular  cytotoxicity  provides  a  mechanism  whereby  normal  lymphoid 
cells  can  be  utilized  for  target  cell  destruction.   Evidence  has  accrued  from 
a  variety  of  laboratories  that  the  mechanism  may  operate  in  human  rejection  of 
certain  parasites,  fungi,  viruses,  tumor-cells  and  allografts.   ADCC  activity 
is  dependent  on  and  probably  proportional  to  the  Fc  receptor  density  on  killer 
cells  and  the  affinity  of  these  receptors  for  immunoglobulin.   Accurate 
quantitation  of  these  parameters  is  thus  important  not  only  for  comparing 
different  types  of  effector  cells  (e.g.  activated  vs.  non-activated)  but  also 
for  gauging  FcR  site  availability  to  antibody  coated  target  cells. 

Proposed  Course  of  Project:   A  major  technical  advance  is  needed  for 
significant  future  progress  on  this  project:   a  means  for  purifying  the  sub- 
population  of  lymphocytes  which  destroy  antibody  treated  target  cells  (K  cells). 
Rapid  advances  in  generation  and  characterization  of  hybridoma  monoclonal 
antibodies  and  lectins  which  react  with  differentiation  determinants  on  human 
lymphocytes  are  now  occurring  in  other  laboratories  and  it  is  hoped  that  these 
reagents  will  provide  the  means  of  purifying  K  cells.   Thus,  future  work  on 
this  project  will  be  delayed  until  the  specificity  patterns  of  these  reagents 
are  more  clear. 

Publications 

Connolly,  J.M.  and  Wunderlich,  J.R.:   The  cellular  nature  of  Concanavalin  A 
stimulated  antibody  dependent  cell  mediated  cytotoxicity.   J.  Immunol. 
124:   1917-1923,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
This  work  was  initiated  to  study  the  role  of  cell  interactions  in  the 
development  of  syngeneic  tumor  immunity.   It  has  been  shown  that  the  degree 
of  specific  anti-tumor  immunity  developed  both  in  vivo  and  in  vitro  in 
response  to  TNP-  conjugated  tumor  cells  can  be  increased  by  the  addition  to 
TNP-reactive  helper  T  cells.   The  cytotoxic  cell  in  vitro  has  been  shown  to 
be  a  T-cell.   The  nature  of  the  lymphocytes  involved  in  in  vivo  killing  is 
under  investigation. 
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Project  Description 

Objectives :   The  aim  of  this  project  is  to  study  the  role  of  cell  inter- 
actions in  syngeneic  tumor  immunity.   Previously,  a  system  was  explored  in 
which  animals  were  immunized  with  syngeneic  tumor  cells  modified  with 
additional  determinants.   Supplementation  of  helper  (amplifier)  T-cells 
specific  for  those  determinants  amplified  the  generation  of  killer  T  cells 
against  native  tumor  antigens.   Specifically,  helper  T-cell  activity  against 
2,4,6-trinitrophenyl  (TNP)  hapten  was  elicited  by  immunizing  mice  with 
TNP-conjugated  isologous  mouse  gamma  globulin  (MGG).   Addition  of  TNP-helper 
T  cells  during  the  immunization  of  C3H/He  mice  with  TNP-conjugated  syngeneic 
tumor  cells  led  to  a  significant  enhancement  of  killer  cell  activity  against 
the  native,  unmodified  tumor. 

These  preliminary  results  were  observed  after  several  immunizations  with 
TNP-conjugated  tumor  cells.   The  requirements  for  producing  optimal 
augmentation  of  in  vitro  cytotoxic  effector  cell  activity  and  in  vivo 
protective  immunity,  as  well  as  the  nature  and  specificity  of  in  vitro  and  in 
vivo  effector  mechanisms  augmented  by  the  above  cell-cell  interaction  system 
are  the  subject  of  the  current  project. 

Methods  Employed:   TNP-reactive  helper  T-cells  were  induced  by  intra- 
peritoneal (i.p.)  inoculation  with  500  ug  TNP-D-GL  in  saline,  followed  by 
i.p.  injection  of  100  ug  of  syngeneic  TNP-MGG  in  complete  Freund's  adjuvant 
(CFA)  3  days  later.   Six  weeks  after  the  immunization  with  TNP-MGG,  animals 
were  inoculated  i.p.  with  1.5  x  10?  TNP-conjugated  LSTRA  tumor  cells  at  10- 
to  14-day  intervals.   Two  weeks  after  the  final  immunization  with  TNP-LSTRA, 
spleen  cells  were  sensitized  to  in  vitro  and  cytotoxic  effector  cells  were 
measured  by  ^lcr  release  assay  in  vitro  and  in  vivo  tumor-neutralization 
test. 

Major  Findings :   The  study  indicates  that  the  addition  of  TNP-reactive 
helper  T-cells  to  the  BALB/c-LSTRA  syngeneic  tumor  system  at  the  time  of 
immunization  with  TNP-conjugated  LSTRA  tumor  cells  results  in  the  accelerated 
development  as  well  as  the  amplified  generation  of  tumor-specific  cytotoxic 
effector  T-cells  in  vitro  and  tumor-neutralizing  T-cell  activities  in  vivo. 
We  have  also  demonstrated  the  absolute  requirement  of  the  TNP-reactive 
amplifier  T-cell  system  for  the  induction  of  a  powerful  ±n   vivo  immunity  as 
observed  in  the  Winn  assay. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
role  of  helper  cells  in  immune  reactions  may  be  clarified  and  possible 
applications  to  the  immunotherapy  of  tumors  made  possible. 

Proposed  Course  of  Project:   Additional  research  should  be  performed  to  (1) 
establish  a  simpler  and  more  effective  condition  under  which  strong  amplifier 
T-cells  can  be  induced  and  (2)  determine  the  nature  of  the  amplifier  T-cells 
and  cells  which  are  responsible  for  in  vivo  immunity.   Helper  cell  activity 
will  be  analyzed  as  a  possible  approach  for  augmenting  cell-mediated 
immunity  to  tumor  antigens.   Helper  activity  will  be  raised  by  immunization 
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against  TNP  and  other  haptens  as  well  as  against  the  H-Y  antigen.   Such  helper 
cells  will  be  tested  for  their  potential  to  effect  more  efficient  immunity  to 
tumor  antigens. 

Publications 

Fujiwara,  H. ,  Hamaoka,  T. ,  Shearer,  G.  M. ,  Yamamoto,  H.  and  Terry,  W.  D.: 
The  augmentation  of  in  vitro  and  in  vivo  tumor-specific  T  cell-mediated 
immunity  by  amplifier  T  lymphocytes.   J.  Immunol.   124:   863-869,  1980. 


569 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  CB  05086-02 


PERIOD  COVERED 

October   1.    1979   to  September  30,    1980 


TITLE  OF   PROJECT   (80  characters   or  less) 
Immune  Response  Gene  Regulation  of    the   Immune  Response   In  Vitro 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:     R.  J.  Hodes 

P.  I.  Nadler 

Other:   A.  Singer 

G.  Miller 

D.  H.  Sachs 


Chief,  Immunotherapy  Section  I  NCI 

Investigator  I  NCI 

Senior  Investigator  I  NCI 

Investigator  I  NCI 
Chief,  Transplantation 

Biology  Section  I  NCI 


COOPERATING  UNITS 


LAB/BRANCH 


Immunology  Branch 


Immunotherapy  Section 


INSTITUTE  AND  LOCATION 

NCI,  NIH,  Bethesda,  Maryland   20205 


TOTAL  MANYEARS: 


0.7 


PROFESSIONAL: 

0.5 


'0.2 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

DUO  MINORS   □  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


g]  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  cellular  expression  of  immune  response  (Ir)  gene  function  was  studied  in 
an  in  vitro  system  of  primary  antibody  responses  to  the  TNP  conjugates  of 
(T,G)-A — L  and  (H,G)-A — L.   These  responses  require  the  participation  of  T_ 
cells  and  accessory  cells  as  well  as  B  cells,  and  are  under  the  control  of 
genes  mapped  to  the  K  or  I-A  subregions  of  the  H-2  complex.   It  was  demon- 
strated that  the  function  of  accessory  cells  in  responses  to  TNP-(T,G)-A— L 
and  TNP-(H,G)-A — L  is  under  the  control  of  genes  which  also  map  to  K  or  I-A. 
In  contrast,  both  B  cells  and  T  cells  from  nonresponder  H-2a  strains  to 
TNP-(T,G)-A — L  are  competent  In  supporting  primary  antibody  responses  to  this 
antigen,  and  therefore  do  not  appear  to  express  the  Ir  gene  defect  present  in 
these  strains.   Subsequently,  in  vitro  augmented  primary  responses  to  TNP- 
nuclease  (TNP-NASE)  have  been  established  and  documented  to  be  under  the 
control  of  H-2  linked  Ir  gene(s).   For  these  responses  as  well,  accessory  cell 
function  was  shown  to  be  under  Ir  gene  control.   Through  the  use  of  intra-H-2 
recombinant  strains,  the  Ir  gene(s)  controlling  responsiveness  to  TNP-NASE 
were  shown  to  map  either  to  I-B  or  to  complementing  genes  in  subregions 
PHJjggj^uditig  aL  least  Ij_A  and  I_-E/G. — 
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Project  Description 

Objectives:   The  major  objective  of  this  project  is  to  investigate  the 
mechanism  of  genetic  regulation  of  antibody  responses.   Initial  studies 
identified  the  cellular  level  of  Ir  gene  expression  for  the  in  vitro 
responses  to  TNP-(T,G)-A — L  and  TNP-(H,G)-A — L.   Currently  ongoing  studies 
are  directed  at  characterizing  the  _Ir  gene  control  of  responses  to  TNP-NASE, 
including  the  possible  function  of  gene  complementation  in  this  control. 

Methods  Employed:   The  methods  employed  have  been  described  in  detail. 
See  project  No.  Z01  CB  05064-04  I. 

Major  Findings:   Background  work  has  demonstrated  that  primary  or  augmented 
primary  in  vitro  antibody  responses  could  be  generated  to  a  number  of 
soluble  TNP  conjugates  of  protein  or  polypeptide  antigens.   These  responses 
are  both  T  cell-dependent  and  accessory  cell-dependent.   The  in  vitro 
primary  IgM  responses  to  TNP-(T,G)-A — L  and  TNP-(H,G)-A — L  are  under 
strict  H-2  linked  gene  control  by  genes  mapping  to  the  K  or  I-A  subregions. 
In  studies  with  H-2a  (nonresponder  to  TNP-(T,G)-A — L  and  responder  to 
TNP-(H,G)A — L)  and  H-2b  (responder  to  TNP-(T,G)-A — L  and  nonresponder  to 
TNP-(H,G)-A — L)  spleen  cells,  it  was  demonstrated  that  accessory  cell 
function  is  under  H-2  linked  Ir  gene  control,  similarly  mapping  to  K  or  I-A 
Subsequently,  it  was  shown  that  neither  B  cells  nor  T  cells  of  the  H-2a 
haplotype  express  detectable  Ir  gene  defects  for  the  response  to  TNP- 
(T.G)-A--L. 

Previous  studies  by  Sachs  and  coworkers  demonstrated  that  the  _in  vivo 
antibody  response  to  Staphylococcal  nuclease  (NASE)  is  under  H-2- linked 
Ir  gene  control.   An  _in  vitro  system  was  established  in  which  TNP-specif ic 
responses  to  TNP-NASE  were  generated  by  spleen  cells  from  NASE-primed 
mice.   These  responses  were  T-cell  and  accessory  cell-dependent,  and 
under  H-2-linked  Ir  gene  control,  with  strains  of  the  H-2a  haplotype 
being  responders  and  H-2D  strains  nonresponders.   In  order  to  subregion 
map  the  JLr  gene(s)  controlling  responsiveness  to  TNP-NASE,  the  responses 
of  intra-H-2  recombinants  were  studied.   Results  of  such  experiments 
mapped  _Tr  gene  control  either  to  I-B  or  to  complementing  genes  in  subregions 
including  at  least  I-A  and  I-E/C.   Cell  fractionation  experiments  employing 
G-10  Sephadex  passage  and  accessory  cell  reconstitution  have  shown  that 
accessory  cell  function  in  under  I_r  gene  control  for  the  response  to 
TNP-NASE. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Genetic  control  of  immune  responses  has  been  demonstrated  in  widely 
studied  systems,  including  those  responses  to • biologically  "natural" 
antigens  including  allergens,  viral  determinants,  and  tumor  antigens. 
In  order  to  understand  the  mechanism  of  differentially  reactivity  and 
susceptibility  to  these  natural  stimuli,  the  mechanism  of  Ir  gene  regulation 
of  responses  to  defined  stimuli  may  provide  informative  insights. 
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Proposed  Course  of  Project:   Further  investigations  will  be  conducted  of 
the  cellular  expression  of  _Ir  genes  for  the  responses  to  TNP-NASE.   F]_ 
studies  will  be  carried  out  to  assess  the  presence  of  gene  complementation 
in  Lr  control  of  these  responses. 

Publications 

Singer,  A.,  Hathcock,  K.  S. ,  and  Hodes,  R.  J.:   Cellular  and  genetic  control 
of  antibody  responses.   V.  Helper  T  cell  recognition  of  H-2  determinants  on 
accessory  cells  but  not  B  cells.   J.  Exp.  Med.   149:   1208-1226,  1979. 

Pincus,  S. ,  Singer,  A.,  Hodes,  R.  J.,  and  Dickler,  H.  B. :   Anti-(T,G)-A — L 
idiotypes:   Initial  studies  of  genetic  control  and  cellular  expression. 
In  Pernis,  B.  and  Vogel,  H.  (Eds.):   Cells  of  Immunoglobulin  Synthesis. 
New  York,  Academic  Press,  1979,  pp.  371-380. 

Hodes,  R.  J.,  Ahmann,  G.  B. ,  Cowing,  C. ,  Hathcock,  K.  S. ,  Dickler,  H.  B. , 
Sachs,  D.  H. ,  and  Singer,  A.:   Expression  of  I  region  gene  products  on 
accessory  cell  populations.   In  Terry,  W.  D.  and  Yamamura,  Y.  (Eds.) 
Developments  in  Immunology,  Vol.  6,  Immunobiology  and  Immunotherapy  of 
Cancer.   New  York,  Elsevier  North-Holland  Publishers,  1979,  pp.  33-49. 

Hodes,  R.  J.,  Ahmann,  G.  B.,  Nadler,  P.  I.,  Hathcock,  K.  S. ,  and  Singer,  A.: 
T  cell  recognition  of  syngeneic  and  allogeneic  H-2  determinants.   In  Bach, 
F.,  Bonavida,  B.,  Vitetta,  E. ,  and  Fox,  C.  F.  (Eds.):   T  and  B  Lymphocytes : 
Recognition  and  Function.   New  York,  Academic  Press,  1979,  pp.  329-338. 

Hodes,  R.  J.,  Hathcock,  K.  S.  and  Singer,  A.:   Cellular  and  genetic  control 
of  antibody  responses.   VI.   Expression  of  lr  gene  function  by  H-2a 
accessory  cells,  but  not  H-2a  T  or  B  cells  in  responses  to  TNP-(T,G)-A — L. 
J.  Immunol.   123:   2823-2829,  1979. 

Singer,  A.,  Hathcock,  K„  S. ,  and  Hodes,  R.  J.:   MHC  restricted  helper  T 
cell  recognition  of  accessory  cells  but  not  B  cells.   In  Unanue,  E. 
and  Rosenthal,  A.  (Eds.):   Macrophage  Regulation  of  Immunity.   New  York 
Acadmic  Press,  1980,  pp.  265-275. 

Dickler,  H.  B. ,  Cowing  A.,  Ahmann,  G.  B. ,  Hathcock,  K.  S. ,  Sharrow,  S.  0., 
Hodes,  R.  J.,  and  Singer,  A.:   Characterization  of  the  accessory  cells 
required  in  T  lymphocyte  dependent  antigen-specific  immune  responses.   In 
Unanue,  E.  and  Rosenthal,  A.  (Eds.):   Macrophage  Regulation  of  Immunity. 
New  York,  Academic  Press,  1980,  pp.  265-275. 

Dickler,  H.  B. ,  Cowing,  C,  Ahmann,  G.  B.  ,  Hathcock,  K.  S.  ,  Sachs,  D.  H. : 
Hodes,  R.  J.  and  Singer  A.:   Expression  of  lr  genes  and  la  antigens  by 
adherent  accessory  cells  required  for  antigen-specific  antibody  forming 
cell  responses.   In  van  Furth  R.  (Ed.):   Mononuclear  Phagocytes.   III. 
Amsterdam,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
The  ability  of  subpopulations  of  murine  spleen  cells  to  stimulate  a  mixed 
lymphocyte  response  (MLR)  was  studied.   It  was  found  that  T  cells  and  B  cells 
were  poor  stimulators  of  an  MLR  across  H-2  or  Mis  differences.   However,  a 
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20-50  times  more  efficient  as  a  stimulator  of  these  MLR's  on  a  per  cell  basis 
than  an  unseparated  spleen  population.   These  SAC  were  shown  to  express  la 
(I-region  associated)  determinants  encoded  by  genes  in  I -A  and  I-E/C.   These 
results  suggest  that  Ia+SAC  may  be  the  predominant  stimulating  cells  in 
spleen  cell  populations,  and  the  preferential  target  for  T  cell  recognition  in 
cell  interaction  events.   It  has  further  been  investigated  whether  T  cells 
responding  to  Mis  determinants  recognize  such  determinants  in  the  context  of 
"self"  H-2  determinants.   Studies  employing  limiting  dilution  techniques 
suggest  that  T  cell  responses  to  Mis  involve  the  recognition  of  Mis  in 
association  with  H-2. 
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Project  Description 

Objectives:   A  requirement  for  cell-cell  interaction  is  common  to  a  number  of 
immune  response  systems.   In  particular,  the  interaction  of  T  lymphocytes  with 
non-T  cells  has  been  documented  in  many  of  these  systems.   On  common  feature 
of  these  non-T  cells  is  that  they  express  several  deteriminants  which  are 
known  to  stimulate  a  proliferative  response  by  T  cells.   These  include  la 
antigens,  Mis  antigens,  and  serologically  defined  (SD)  antigens.   Since  the 
MLR  is  a  model  for  T  cell  recognition  of  cell  surface  determinants,  the 
objective  of  this  study  is  to  define  which  splenic  subpopulations  are  able  to 
act  at  stimulators  for  MLR. 

Methods  Employed:   Purified  T  cells  (nylon  non-adherent  spleen  cells)  purified 
B  cells  (G10  Sephadex  passed  and  RAMB  +  C  treated)  and  splenic  adherent  cells 
(glass  adherent,  non-T  radiation  resistant  spleen  cells)  (SAC)  were  prepared 
and  compared  for  their  ability  to  stimulate  a  proliferative  response  by  allo- 
genic whole  spleen  cells.   Stimulator  SAC  populations  are  further  evaluated  by 
1)  treatment  with  anti-la  reagents  and  C,  2)  addition  of  monoclonal  anti-la 
and  anti-H-2  antibodies  directly  to  the  culture,  and  3)  fractionation  of  SAC 
on  the  basis  of  their  ability  to  phagocytise  latex  particles. 

Major  Findings:   1)  T  cells  (nylon  NA  spleen  cells)  and  B  cells  (G10  passed 
and  treated  with  RAMB  and  C)  were  poor  stimulators  of  an  MLR;  2)  whole  spleen 
cells  or  B  cells  plus  adherent  cells  (RAMB  +C  treated  spleen  cells)  produced 
good  stimulation;  3)  a  non-T  radiation  resistant  spleen  adherent  cell 
population  (SAC)  was  up  to  20-50  times  more  efficient  in  stimulating  MLR  on 
a  per  cell  basis  than  an  unseparated  spleen  cell  population;  and  4)  these 
SAC  express  la  determinants  encoded  by  genes  in  I-A  and  I-E/C.   These 
findings  were  observed  both  for  MLR  to  H-2-dif ferences  and  for  MLR  to  Mis 
stimulating  determinants. 

Mis  encoded  determinants  appear  to  be  unique  in  that  they  are  the  only  non- 
MHC  determinants  capable  of  stimulating  primary  MLR.   Studies  were  undertaken 
to  determine  whether  responding  T  cells  recognize  Mis  product  alone,  or 
recognize  Mis  in  the  context  of  H-2.   Limiting  dilution  conditions  were 
established  under  which  the  magnitude  of  MLR  proliferative  response  to  Mis 
determinants  was  proportional  to  the  number  of  responding  T  cells.   Experiments 
carried  out  under  such  conditions  demonstrated  that  T  cells  do  not  respond  to 
Mis  determinants  alone,  but  rather  that  distinct  T  cell  subpopulations  exist 
which  recognize  Mis  in  the  context  of  "self"  H-2  determinants. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute :   The 
mixed  lymphocyte  response  provides  a  useful  model  for  T  cell  recognition 
as  well  as  an  in  vitro  correlate  of  allograft  rejection.   Further  under- 
standing of  the  recognition  process  as  well  as  the  primary  stimulator  cell 
should  provide  insight  into  controlling  or  preventing  allograft  and/or  tumor 
challenges. 

Proposed  Course  of  Project:  Specific  anti-H-2  and  anti-la  reagents  purified 
from  hybridoma  cell  lines  are  being  evaluated  for  their  ability  to  block 

574 


Project  No.  ZOl-CB-05087-02  I 

MLR  responses  to  either  H-2  or  Mis  differences.   In  addition,  further  work 
is  in  progress  to  study  the  nature  of  H-2-restricted  recognition  of  Mis 
determinants. 

Publications 

Ahmann,  G.  B.,  Nadler,  P.I.,  Birnkrant,  A.  and  Hodes,  R.J.:   T  cell 
recognition  in  the  mixed  lymphocyte  response.  I.  Non-T,  radiation  resistant 
splenic  adherent  cells  are  the  predominant  stimulators  in  the  murine 
mixed  lymphocyte  reaction.   J.  Immunol.  123:   903-909,  1979. 

Hodes,  R.J.,  Ahmann,  G.B.,  Nadler,  P.,  Hathcock,  K.S.,  and  Singer,  A.: 
T  cell  recognition  of  syngeneic  and  allogeneic  H-2  determinants.   In  Bach, 
F.,  Bonavida,  B.,  Vitetta,  E.,  and  Fox,  D.F.  (Eds.):   T  and  B  Lymphocytes: 
Recognition  and  Function.   New  York,  NY,  Academic  Press,  1979,  pp.  329-338. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  intravenous  injection  of  F]_  hybrid  mice  on  the  C57BL/10  background  with 
parental  spleen  cells  resulted  in  a  loss  in  the  ability  of  the  Fj_  mice  to 
generate  T-cell  mediated  cytotoxic  responses  in  vitro  to  TNP-self  and  allo- 
antigens.   The  total  abolition  of  response  potential  occurred  within  7  days  of 
injection,  persisted  for  at  least  three  weeks,  and  could  be  induced  with  as 
few  as  2x10"  spleen  cells.   The  loss  of  response  potential  depended  on  the 
H-2  type  of  the  parental  cells,  since  H-2^>a  spleen  cells  induced  unrespon- 
siveness, whereas  H-2**  spleen  cells  did  not.   The  phenomenon  is:   (a) 
strain-specific  (possibly  depending  on  the  C57B1/10  genetic  background), 
since  strains  of  mice  with  other  genetic  backgrounds  injected  with  parental 
cells  do  not  exhibit  the  loss  of  immune  potential;  and  (b)  dependent  on 
a  reaction  against  Fj_  alloantigens  by  grafted  parental  cells  (GVH), 
since  loss  of  immune  activity  was  associated  with  enlarged  Fj_  host  spleens. 
Heterogeneous  populations  of  suppressor  cells  were  found  to  be  responsible 
for  loss  of  immune  potential. 
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Project  Description 

Objectives:   The  purpose  of  this  project  is  to  investigate  the  phenomenon  of 
immunosuppression  induced  by  or  associated  with  a  graft  vs.  host  reaction, 
the  immunogenetics  associated  with  the  resistance  in  some  strain  combinations 
of  the  graft  vs.  host  associated  suppression,  and  to  attempt  to  establish 
whether  this  immunosuppression  is  correlated  with  autoimmune  or  neoplastic 
states  following  a  graft  vs.  host  reaction. 

Methods  Employed:   F^  hybrid  mice  of  various  strain  were  injected  intra- 
venously  with  from  1  to  40x10°  F-p  parental,  or  allogeneic  spleen  cells.   At 
various  times  after  injection,  the  spleens  of  the  injected  F^  mice  were 
sensitized  in  vitro  against:  (a)  parental  or  F^  syngeneic  cells  modified 
with  TNBS;  or  (b)  allogeneic  spleen  cells.   The  effector  cell  actively 
generated  5  days  later  was  tested  as  the  appropriate  51Cr- labelled  target 
cells. 

Major  Findings:   Fj_  hybrid  mice  on  the  C57BL/10  genetic  background  injected 
intravenously  with  viable  parental  spleen  cells  lost  their  ability  to 
respond  by  in  vitro  generated  cytotoxic  reactions  to  TNP-self  and  allo- 
antigens.   The  loss  of  cytotoxic  potential  was  detected  as  early  as  four 
days  after  injection  and  persisted  for  at  least  28  days  after  injection. 
The  abolition  of  cytotoxic  potential:  (a)  appeared  to  depend  on  a  graft 
vs.  host  reaction  by  parental  lymphocytes  against  host  alloantigens;  and 
(b)  was  dependent  on  the  H-2  haplotype  of  the  parental  cells  used,  since 
the  injection  of  BIO. A  or  BIO. BR  but  not  C57BL/10  (BIO)  parental  cells 
resulted  in  loss  of  immune  reactivity.   The  latter  observation  indicated 
that  the  BIO  parental  cells  injected  were  rejected  by  the  F]_  anti-parent 
reaction  known  as  hybrid  histoincompatibility  (Hh).   Genetic  studies  indicate 
that  the  H-2  homozygous  determinant  recognized  by  the  F-^  maps  to  the 
H-2D  region,  which  is  compatible  with  an  Hh-like  phenomenon.   The  abolition 
of  cytotoxic  potential  by  the  GVH  reaction  is  the  result  of  an  active 
suppressive  mechanism*  since  the  addition  of  spleen  cells  from  parental- 
injected  F]_  mice  to  normal  F^  spleen  cells  led  to  the  inactivation  of  the 
cytotoxic  potential  of  the  normal  cells.   Cell  separation  studies  using  Ly2 
markers  suggest  that  multiple  populations  of  suppressor  cells  are  involved. 
The  GVH  associated  immunosuppression  may  strain  dependent,  and  may  require 
non-H- 2- linked  genetic  factors  associated  with  the  C57BL  background,  since 
mouse  strains  not  on  the  C57B1  background  injected  with  parental  spleen 
cells  did  not  result  in  suppressed  immune  potential. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
graft  vs.  host  (GVH)  reaction  and  possibly  Hh-type  reactions  are  important 
complicating  factors  which  affect  the  success  of  hemopoietic  transplantation. 
Furthermore,  persisting  GVH  reactions  may  be  associated  with  autoimmune 
disease  and  the  development  of  tumors.   The  observations:  (a)  that  GVH  re- 
actions can  be  elicited  with  low  numbers  of  lymphocytes  in  immunocompetent 
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adult  mice  (previous  reports  have  been  limited  to  the  demonstration  of  GVH 
in  neonated  or  immunosuppressed  animals);  (b)  that  these  GVH  reactions 
lead  to  severely  impaired  T-cells  immune  functions;  and  (c)  that  such  GVH 
reactions  can  be  overcome  by  host  resistance  mechanisms  (possibly  similar 
to  the  Hh  phenomenon)  are  potentially  of  fundamental  relevance  in:  (1) 
understanding  the  possible  complications  resulting  from  hemopoietic 
grafting;  (2)  investigating  the  significance  of  a  GVH-induced  suppressed 
immune  system  in  the  development  of  autoimmune  and  neoplastic  disease;  and 
(3)  understanding  natural  resistance  systems  as  they  may  be  relevant  in 
surveillance  against  disease  and  neoplasms. 

Proposed  Course  of  Project:   We  shall  continue  to  investigate  all  aspects  of 
the  phenomenon  including:   (a)  the  genetics  of  the  Fj_  and  parental  cells  in- 
volved; (b)  the  determinants  recognized  on  the  F^  cells;  (c)  the  mechanistic 
aspects  of  both  the  GVH  and  the  suspected  Hh  component  involved;  (d)  other 
immune  functions  which  may  be  impaired  including  antibody  production,  delayed 
hypersensitivity,  skin  graft  rejection,  T-cell  proliferative  responses,  and 
natural  killer  cell  activity;  (e)  the  long-term  effects  of  the  GVH  including 
survival  and  the  development  of  autoimmune  disease  and  tumors;  (f)  whether 
certain  combinations  of  partially  allogeneic  (instead  of  F^  and  parental) 
cells  and  hosts  can  lead  to  GVH-associated  immunosuppression;  (g)  whether  the 
GVH  reaction  is  actually  a  component  of  the  impaired  immune  state;  (h) 
whether  haplotype-specif ic  anti-T-cell  receptor  suppression  can  be  induced 
in  the  F]_  parent  combination;  and  (i)  analysis  of  different  populations  of 
suppressor  cells. 

Publications 

Shearer,  G.  M.  and  Polisson,  R.  P.:   Mutual  recognition  of  parent  and  F^ 
lymphocytes:   Selective  abrogation  of  cytotoxic  potential  of  F]_  lymphocytes 
by  parental  lymphocytes.   J.  Exp.  Med.   151:   20-31,  1980. 

Shearer,  G.  M.,  Polisson,  R.  P.,  Miller,  M.  W.,  and  Cudkowicz,  E.  M. : 
Genetic  control  of  natural  resistance  to  graft  versus  host-associated 
suppression  of  T  cell-mediated  lympholysis.   In  Skamene,  E.  (Ed.): 
Proceedings  of  International  Symposium  on  genetic  control  of  natural 
resistance  to  infection  and  malignancy ,   Montreal,  Quebec,  March  18-20, 
1980,  in  press. 

Polisson,  R.P.  and  Shearer,  G.M.:   Mutual  recognition  of  parent  and  F-j_ 
lymphocytes.   II.  Analysis  of  graft  versus  host-induced  suppressor  cell 
activity  for  T-cell  mediated  lympholysis  to  trinitrophenyl-self  and  allo- 
antigens.   J.  Immunol. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
Attempts  to  generate  cytotoxic  T-effector  cell  activity  in  vitro  against 
measles  virus  infected  autologous  human  perpherial  blood  leukocytes  have 
been  unsuccessful  with  the  exception  of  cells  from  six  volunteers.   Cells 
from  these  donors  have  exhibited  high  levels  of  cytotoxicity  which  is  both 
reproduceable  and  very  specific.   It  could  be  demonstrated  that  T  cells  were 
required  and  sufficient  to  generate  cytotoxic  effector  cells.   Cold  target 
inhibition  studies  confirmed  the  clonal,  self-restricted  nature  of  the  response 
Lack  of  sufficiently  primed  lymphocytes  is  the  most  likely  explanation  for 
the  failure  to  generate  cytotoxic  effector  cells  for  measles  virus  from  many 
other  donors.   In  certain  donors  a  high  amount  of  the  activity  (to  which 
measles  virus  infected  cells  are  reported  to  be  particularly  sensitive) 
seems  to  overshadow  an  HLA-restricted  response. 
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Project  Description 

Objectives:   The  primary  objectives  of  this  laboratory  are  to  investigate 
the  function  of  T  lymphocytes,  the  role  of  self  recognition,  and  the  effects 
of  major  histocompatibility  genes  on  the  murine  and  human  immune  systems. 
These  studies  are  being  pursued  using  mouse  and  human  leukocytes  which  are 
sensitized  to  autologous  cells  either  modified  with  chemical  agents  (e.g. 
the  trinitrophenyl  group)  or  infected  with  viruses  (e.g.  influenza,  mealses). 
The  specific  purpose  of  this  project  was  to  attempt  to  generate  (secondary) 
cytotoxic  T-cell  responses  to  autologous  cells  infected  with  measles  virus, 
to  determine  the  specificity  requirements  of  the  system  (i.e.  MHC  restriction 
and  viral  specificity)  and  to  compare  the  system  with  the  already  established 
influenza  virus  cytotoxic  system  of  human  leukocytes. 

Methods  Employed:   Human  peripheral  blood  leukocytes  were  fractionated  on 
Ficoll/Hypaque  and  sensitized  in  vitro  to  measles  virus  infected  autologous 
cells  similar  to  that  described  in  the  human  influenza  cytotoxic  system  (see 
accompanying  report). 

Major  Findings:   Of  the  peripheral  blood  leukocytes  tested  from  several 
donors,  only  six  have  so  far  exhibited  the  ability  to  generate  cytotoxic 
effector  activity  in  vitro  to  measles  virus  infected  autologous  cells. 
The  effects  from  these  six  donors  were  virus  specific  (did  not  cross  react 
with  influenza  infected  autologous  targets),  and  appeared  to  be  self 
restricted. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   This 
project  is  of  fundamental  interest  in  that  it  permits  us  to  study  the 
cytotoxic  response  potential,  viral  specificity,  and  HLA-restriction  using 
a  virus  which  is  important  in  human  disease. 

Proposed  Course  of  Project:  This  project  will  be  terminated  in  June  1980 
because  the  principal  investigator  is  returning  to  his  institution  in  The 
Netherlands. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  novel  insight  into  the  role  of  macrophage  accessory  cells  in  B  cell  activation 


was  provided  by  the  observation  that  the  immune  response  to  the  thymic  indepen- 
dent (T-I)  antigen,  TNP-Ficoll,  was  dependent  upon  the  presence  and  function  of 
splenic  adherent  accessory  cells.   The  functional  spleen  adherent  cell  was 
identified  as  a  phagocytic  macrophage-like  cell  which  bears  the  I-A  gene  product 


The  accessory  cell  for  this  T-I  TNP-Ficoll  response  functioned  to  present 
antigen  to  B  cells.   This  identifiable  macrophage-B  cell  interaction  was  found 
to  be  obligately  restricted  to  the  Lyb  5+  B  cell  subset  which  appears  late  in 
normal  B  cell  ontogenetic  development  and  which  is  absent  in  hybrid  mice  which 
have  received  the  X-linked  immune  deficiency  gene  of  the  CBA/N  mouse.   The 
existence  of  this  important  cell  interaction  required  for  activation  of  B  cells 
in  response  to  accessory  cell  dependent  antigens  such  as  TNP-Ficoll  (T-I)  and 
the  thymic  dependent  (T-D)  TNP-KLH  provides  explanation  for  the  immune  response 
deficit  to  the  T-I  and  T-D  antigens  in  mice  which  bear  the  X-linked  CBA/N  geneti|c 
defect. 
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Project  Description 

Objectives :   The  major  objectives  of  this  project  are:   1)  to  identify  the 
specific  immune  function  and  the  cell  surface  phenotype  of  the  macrophage-like 
accessory  cell  important  for  immune  responses  to  thymic  dependent  and  thymic 
independent  antigens;  2)  to  investigate  the  mechanism  of  B  cell  activation 
mediated  by  direct  interaction  of  B  cells  with  antigen  presenting  accessory 
cells. 

Methods  Employed:   Spleen  cells  from  normal  or  immune  defective  mice  are 
dispersed  into  single  cell  suspensions  and  placed  into  microculture  with  TNP- 
modified  antigens  (KLH,  Brucella  abortus,  Ficoll)  for  4  days.   The  cells  are 
then  harvested  and  assayed  for  IgM  anti-TNP  antibody  forming  cells  by  the 
slide  modification  of  the  Jerne  plaque  technique. 

Splenic  B  cells  are  obtained  by  treating  spleen  cells  with  a  T-cell  specific 
rabbit  anti-mouse  brain  and  complement.   Subpopulations  of  B  cells  are  obtained 
based  on  their  expression  of  a  non  H-2  encoded  cell  surface  antigen,  Lyb  5. 
CBA/N  B  cells  constitute  a  pure  population  of  immature  B  cells  which  lack  the 
marker  Lyb5.   Treatment  of  normal  B  cells  with  an  alloantiserum,  anti-Lyb  5 
and  complement  results  in  deletion  of  the  mature  Lyb  5  positive  population, 
thus  creating  the  CBA/N  defect  in  normal  spleen  cells.   Splenic  T  cells  are 
obtained  by  passage  over  a  nylon  wool  column.   Splenic  adherent  cells  are 
obtained  by  allowing  spleen  cells  to  adhere  to  glass  petri  dishes  for  2  hours, 
discarding  the  nonadherent  cells,  and  finally  collecting  the  adherent  cells  by 
the  addition  of  EDTA.   Spleen  cells  are  depleted  of  macrophages  by  passage 
over  a  G10  sephadex  column.   In  some  experiments  the  ability  of  splenic  macro- 
phages to  phagocytose  fluorescent  latex  beads  was  utilized  to  allow 
purification  of  phagocytic  and  non-phagocytic  populations  using  the 
fluorescence  activated  cell  sorter  (FACS). 

Major  Findings:   The  in  vitro  response  to  TNP-Ficoll,  a  polysaccharide  T-I 
antigen  was  dependent  upon  the  presence  of  adherent  accessory  cells  since 
passage  of  spleen  cells  over  G-10  Sephadex  columns  prior  to  culture  abolished 
the  response.   The  required  accessory  cell  was  both  adherent  and  phagocytic 
since  responses  depleted  by  either  spleen  cell  passage  over  G-10  Sephadex  or 
by  removal  of  cells  phagocytosing  fluorescent  latex  on  the  FACS,  could  be 
fully  reconstituted  both  by  addition  of  splenic  adherent  cells  or  by  the 
phagocytic  fraction  of  adherent  cells.   In  addition,  SAC  could  be  pulsed  with 
TNP-Ficoll  to  present  the  antigen  to  activate  B  cells  to  form  antibody. 
Treatment  of  normal  spleen  cell  populations  with  anti  Lyb5,  like  passage  of 
cells  over  G10  Sephadex,  abrogated  TNP-Ficoll  (T-I)  and  TNP-KLH  (T-D) 
responses.   This  effect  was  not  a  result  of  the  cytotoxic  deletion  of 
macrophages  but,  rather,  of  the  deletion  of  B  cells.   Thus,  the  macrophage 
functioning  in  T-I,  as  well  as  T-D  responses  has  the  phenotype  la  ,  Lyb  5~. 
The  fact  that  responses  requiring  adherent  accessory  cells,  such  as  the  T-D 
TNP-KLH  and  the  T-I  TNP-Ficoll  responses,  emanate  entirely  from  Lyb  5+  B 
cells,  suggested  that  only  Lyb  5+  B  cells  respond  to  macrophage  activation 
signals.   This  possibility  was  validated  by  the  demonstration  that  TNP-BA,  a 
T-I  antigen  which  activates  both  Lyb  5~  and  Lyb  5+  B  cells  when  added  directly 
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to  culture,  activated  only  Lyb  5+  B  cells  when  presented  by  pulsed  macrophages. 
This  concept  of  restricted  activation  of  Lyb  5+  B  cells  by  macrophages 
provides  important  insight  into  the  X-linked  immune  deficiency  of  the  CBA/N 
mouse  because  this  mouse  lacks  the  Lyb  5+  B  cell  subset  and  exhibits  immune 
deficiency  to  macrophage  dependent  antigens. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Utilization  of  techniques  for  separation  of  splenic  lymphocyte  and  macrophage 
populations  has  facilitated  precise  understanding  of  the  cellular  interactions 
involved  in  the  normal  immune  response,  and  the  abnormalities  of  these 
interactions  in  a  genetic  immune  deficiency.   Such  understanding  is  the  primary 
step  to  allow  for  the  possibility  of  alteration  of  imbalanced  immunity  as  it 
appears  in  clinical  medicine. 

Proposed  Course  of  Project:   Further  work  will  be  directed  to  the  delineation 
of  of  the  nature  of  the  signals  transmitted  from  macrophages  to  T  and  B 
lymphocytes  populations  to  effect  an  immune  response. 

Publications 

Boswell,  H.  S. ,  Sharrow,  S.  0.  and  Singer,  A.:   Role  of  accessory  cells 
in  B  cell  activation.   I.   Macrophage  presentation  of  TNP-Ficoll: 
Evidence  for  macrophage-B  cell  interaction.   J.  Immunol.  124:   989-996, 
1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords)  ' 

We  are  attempting  to  analyze  the  cell-cell  interaction  between  killer  T- 
lymphocytes  and  allogeneic  target  cells.   Since  it  is  clear  that  this  occurs 
via  receptors  on  the  T  lymphocyte  for  H-2  antigen,  we  have  attempted  to  study 
the  binding  of  plasma  membrane  vesicles  bearing  these  antigens  to  the  killer 
lymphocytes.   Although  specific  binding  of  the  vesicles  can  be  detected  by 
indirect  immunofluorescence,  quantitative  measurements  using  radioactive 
vesicles  fail  to  give  evidence  for  specific  binding.   Furthermore,  no 
specific  inhibition  of  cytotoxicity  was  achieved  by  the  vesicles  even  when 
aggregated  into  a  multivalent  assay.   However  the  same  amount  of  antigen  on 
live  "cold"  target  cells  very  efficiently  blocks  cytotoxicity  in  a  specific 
fashion.   At  this  stage  we  can  only  conclude  that  H-2  antigen  alone  is  not 
adequate  to  establish  a  strong  binding  to  the  killer  T  cell  receptor  for 
alloantigen. 
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Project  Description 

Objectives:   To  study  the  binding  of  membrane  H-2  alloantigens  to  receptors  on 
the  surface  of  T  lymphocytes  so  that  the  molecular  requirements  for  binding 
can  be  rigorously  defined.   We  plan  first  to  study  the  binding  of  plasma 
membrane  vesicles  to  alloreactive  T  cells  and  then  to  substitute  purified  H-2 
antigens  reinserted  into  liposomes  for  the  vesicles. 

Methods  Employed:   Alloreactive  T  lymphocytes  are  obtained  from  secondary  in 
vitro  cultures  of  mouse  (O57B1/10,  H-2D)  spleen  cells  cultured  4-5  days  with 
irradiated  H-2^  spleen  cells.   Their  ability  to  bind  cellular  alloantigens 
is  monitored  by  "conjugate  formation",  i.e.,  ability  to  form  specific  adhesions 
as  monitored  in  the  macrophage.   The  cytotoxic  activity  of  these  sensitized 
lymphocytes  is  measured  using  standard  ^lcr- release  technique  with  H-2^ 
target  cells.   Inhibition  of  this  cytolysis  by  vesicles  is  also  used  as  a 
measure  of  binding  to  the  effector  cell  receptors  for  alloantigen.   The  binding 
of  vesicles  to  effector  cells  is  measured  by  indirect  immunofluorescence  or  by 
radioactive  counting  if  the  vesicles  are  labelled  with  ^h.   The  plasma  membrane 
vesicles  are  prepared  from  TNP-modified  RDM4  (H-2^)  lymphoma  cells  by  mitogen 
decompression  followed  by  differential  centrifugation.   These  vesicles  are 
bound  onto  the  surface  of  fixed  Staphylococcus  bacteria  via  hybridoma  anti-H-2 
and  bound  onto  cell  surfaces  using  Sendai  virus.   H-2K*  is  purified  from  RDM4 
cells  by  extraction  with  NP40  and  affinity  chromatography  using  lentil  lectin 
Sepharose  and  hybridoma  anti  H-ZK^  Sepharose.   The  antigen  is  inserted  into 
liposomes  by  adding  phospholipid  (dioleoyl  lecithin)  and  removing  the  detergent 
by  gel  filtration. 

Major  Findings:   Plasma  membrane  vesicles  contained  large  amounts  of  H-2Kk 
as  measured  by  inhibition  of  lysis  of  anti-H-2Kk  and  complement.   Specific 
binding  of  plasma  membrane  vesicles  to  alloactivated  lymphocytes  (which  bear 
receptors  for  H-2Kk)  could  be  demonstrated  by  indirect  immunofluorescence 
using  fluorescent  anti-TNP.   When  radioactive  vesicles  were  used  for  a  more 
quantitative  assay,  specific  binding  was  not  detectable  over  background  binding 
(i.e.,  comparing  BIO  anti  BIO. BR  lymphocytes  and  BIO. BR  anti  BIO  lymphocytes). 
Vesicles  did  not  specifically  inhibit  cytolysis  by  the  alloactivated 
lymphocytes.   In  order  to  test  the  hypothesis  that  a  multivalent  presentation 
is  required  for  efficient  binding,  vesicles  bound  to  the  surface  of 
Staphylococcus  bacteria  were  tested  for  their  ability  to  inhibit  the  cyto- 
toxicity of  alloactivated  lymphocytes.   Again  no  specific  inhibition  was 
observed.   Similarly  when  the  surface  of  H-2D  tumor  cells  were  coated  with 
H-2k  plasma  membrane  vesicles,  the  ^lfjr  labeled  H-2*3  cells  were  not  lysed 
by  BIO  anti  BIO. BR  effector  cells.   Thus,  the  the  methods  employed  it  has  not 
been  possible  to  measure  plasma  membrane  vesicle  binding  to  alloactivated  T 
cells  by  a  quantitative  method,  although  indirect  immunofluorescence  does  give 
clear  evidence  that  specific  binding  does  occur.   The  strong  binding  activity 
of  alloreactive  lymphocytes  seen  when  measuring  binding  to  live  cells  bearing 
the  alloantigens  is  not  demonstrable  when  plasma  membrane  vesicles  from  the 
target  cells  are  used.   The  H-2Kk  purification  gives  a  preparation  with 
reasonable  yields  with  3  bonds  on  SDS  gels:   the  H-2  heavy  chains,  H-2 
light  chains,  and  a  single  protein  impurity  of  70,000  mw. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
T  lymphocytes  play  a  central  role  in  most  immune  responses  and  much  recent 
speculation  about  their  antigen  receptors  has  resulted  from  inferences  from 
complex  functional  experiments.   We  propose  to  establish  a  system  in  which 
these  receptors  can  be  studied  more  directly  in  order  to  examine  their 
binding  properties.   An  understanding  of  this  receptor's  interaction  will 
help  us  understand  the  recognition  phase  of  the  T  cell  cytolytic  process, 
which  is  an  important  component  of  the  body's  defense  against  foreign  tissue 
and  probably  tumors. 

Proposed  Course  of  Project:   We  plan  to  define  the  conditions  required  for 
strong  binding  of  alloantigens  to  activated  lymphocytes.   Since  multivalent 
presentation  of  vesicles  bound  to  a  cell  surface  does  not  give  rise  to  a 
strong  binding,  we  are  currently  attempting  to  fuse  the  vesicles  with  the 
target  membrane.   This  should  give  binding  equivalent  to  natural  target 
cells.   We  will  repeat  these  experiments  using  reconstituted  vesicles 
containing  purified  H-2Kk.   H-2DD  antigens  will  be  purified  by  similar 
techniques  for  use  as  specificity  controls.   These  purified  H-2  antigens 
will  be  incorporated  into  planar  lipid  bilayer  membranes.   The  electrical 
conductance  (ionic  permeability)  of  these  membranes  will  be  measured  as 
cytotoxic  lymphocytes  are  brought  into  contact  with  the  membranes. 
Cultured  cytotoxic  T  lymphocytes  will  be  used  for  all  above  types  of 
experiments  since  they  are  a  source  of  pure  highly  cytotoxic  T  lymphocytes. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  antibody  and  T  cell  proliferative  responses  to  Staphylococcal  nuclease,  a 
small  peptide  antigen,  have  been  shown  to  be  under  I_r  gene  control.   In 
addition,  anti-idiotypic  antisera  have  been  produced  with  specificity  for 
anti-nuclease  antibodies  of  a  number  of  mouse  strains.   It  has  been 
demonstrated  that  these  idiotypic  markers  are  linked  to  allotype  markers  but 
not  to  MHC  encoded  (H-2)  determinants.   The  present  study  has  investigated 
the  cellular  expression  of  idiotypic  markers  in  this  Ir  gene  controlled 
response.   In  vitro  augmented  primary  responses  to  TNP-nuclease  could  be 
generated  after  priming  with  either  nuclease  or  anti-idiotypic  antisera. 
These  responses  were  shown  to  be  inhibited  by  anti-idiotype  present  in  culture 
It  was  demonstrated  that  either  antigen  or  anti-idiotype  primed  T  cells  were 
required  and  that  treatment  of  the  primed  T  cells  with  anti-idiotype  and 
complement  abrogated  their  helper  cell  activity.   Thus,  direct  evidence  for 
helper  T  cell  expression  of  idiotypic  markers  has  been  obtained  although  as 
yet  it  is  unclear  whether  the  T  cell  synthesizes  or  acquires  these  cell 
surface  determinants.  5„7 
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Project  Description 

Objectives :   The  expression  of  V^  region  markers  (idiotypes)  on  slg  molecules 
of  B  cells  is  well  established.   There  has  been  considerable  controversy 
regarding  the  existence  of  similar  Vy  encoded  idiotypic  determinants  on  T 
cell  subpopulations.   The  present  studies  were  undertaken  to  examine  the 
expression  of  idiotypic  markers  on  T  cells  participating  in  vitro  antibody 
responses  to  TNP-Nuclease. 

Methods  Employed:   An  in  vitro  augmented  primary  response  to  TNP-Nuclease  was 
developed  in  which  accessory  cells,  unprimed  B  cells,  and  T  cells  primed  with 
Nuclease  or  with  antinuclease  anti-idiotype  were  required.   The  IgM  plaque 
forming  cell  response  to  TNP-Nuclease  is  antigen  dependent  and  TNP  specific. 
Standard  procedures  for  preparation  of  B  cells  (G-10  Sephadex  passage  and 
RAMB+C  treatment),  T  cells  (nylon  column  passage),  accessory  cells  (glass 
adherence,  irradiation,  and  RAMB+C  treatment),  and  accessory  cell  depleted 
spleen  cells  (G-10  Sephadex  passage)  were  employed.   Anti-idiotypic  antisera 
were  prepared  and  purified  as  described  in  Project  No.  ZO1-CB-05036-08  I. 
Functional  competence  of  spleen  cell  subpopulations  after  treatment  with 
either  antiidiotypic  antisera  +  C  was  assessed.   An  ELISA  (enzyme  linked 
immunoadsorbent  assay)  was  developed  to  measure  anti-nuclease  antibodies  in 
serum  and/or  culture  supernatants.   This  assay  was  also  adapted  for  detection 
of  anti-idiotypic  antibodies  which  inhibit  anti-Nase  antibody  binding  to 
antigen  (Nase)  coated  plates. 

Major  Findings:   (1)   In  vitro  TNP-specific  IgM  augmented  primary  responses 
to  TNP-nuclease  could  be  generated  after  priming  spleen  cells  with  either 
nuclease  or  anti-nuclease  anti-idiotype.   These  responses  required  primed  T 
cells,  B  cells,  and  accessory  cells. 

(2)  This  in  vitro  augmented  response  to  TNP-nuclease  was  shown  to  be  under 
Ir  gene  control  paralleing  the  control  of  the  in  vitro  T  cell  proliferative 
response  to  nuclease  and  the  in  vivo  antibody  response  to  nuclease  (see 
Project  No.  Z01-CB-05036-08  I  and  ZOl-CB-05064-04  I). 

(3)  In  vitro  PFC  responses  to  TNP-nuclease  of  nuclease  or  anti-idiotype 
primed  BALB/c  spleen  cells  were  inhibitable  by  the  presence  in  culture  of 
anti-idiotypic  antisera  specific  for  a  pool  of  BALB/c  anti-Nase  antibodies 
but  not  by  anti-idiotypic  antisera  to  SJL  anti-Nase  or  normal  pig  immuno- 
globulin.  Cell  fractionation  and  mixing  experiments  have  demonstrated  that 
this  inhibition  occurs  at  the  level  of  helper  T  cells. 

(4)  Treatment  of  nuclease  or  anti-idiotype  primed  BALB/c  splenic  T  cells 
with  specific  anti-BALB/c  anti-idiotype  +  C  markedly  diminished  or  abrogated 
the  ability  of  these  cells  to  provide  helper  cell  function  for  in  vitro 
responses  to  TNP-Nuclease.   Treatment  of  Nuclease  primed  B10.D2  spleen  cells 
with  this  anti-BALB/c  anti-idiotype  +  C  had  little  or  no  effect  on  their 
helper  cell  function.   In  addition,  treatment  of  BALB/c  nuclease  primed  T 
cells  with  either  specific  anti-SJL  anti-idiotype  or  pig  anti-BALB/c  Ig+C  did 
not  affect  Tjj  function  for  anti-TNP-nuclese  responses. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
development  of  a  new  system  in  which  the  cellular  expression  of  idiotypic 
determinants  may  be  investigated  for  a  response  which  is  also  under  Lr  gene 
control  may  be  useful  in  investigating  both  the  mechanism  of  I_r  gene  function 
and  the  regulation  of  immune  responses  by  the  proposed  idiotype-  antiidio- 
type network.   The  major  thrust  of  this  endeavor  has  been  aimed  at  delination 
of  the  T  cell  antigen  receptor  and  its  relation  to  the  more  well- 
characterized  B  cell  receptor,  surface  immunoglobulin.   Anti-idiotypic 
antisera  recognizing  determinants  (Vy  region  encoded)  linked  to  allotype 
have  been  used  both  to  activate  T  cell  in  vivo  for  in  vitro  TNP-Nuclease 
responses  and  to  determine  whether  the  T  helper  cells  required  for  in  vitro 
TNP-nuclease  responses  bear  idiotype.   These  demonstrations  of  idiotypic 
determinants  on  helper  T  cells  similar  or  identical  to  B  cell  determinants 
should  permit  further  characterization  of  the  antigen  receptor  of  T  cells 
both  functionally  and  chemically. 

Proposed  Course  of  Project:   Studies  are  underway  to  confirm  the  above 
observations  in  other  strains  with  additional  anti-idiotypic  antisera.   In 
addition  studies  are  underway  to  study  the  effects  of  priming  T  cells  with 
"irrelevant"  anti-idiotypic  antisera  and  the  expression  of  idiotype  on  these 
populations.    Studies  are  planned  to  develop  clones  of  nuclease  or  anti- 
idiotype primed  T  cells  and  to  asssess  these  cells  for  T  helper  cell  function 
and  expression  of  idiotype. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  the  mouse,  immunocompetent  T-lymphocytes  recognize  foreign  antigens  (e.g. 
haptens,  viruses)  in  association  with  cell  surface  molecules  encoded  by  the  H-2 
gene  complex.   Recent  studies  using  parent — >F^  and  F^ — >parent  bone  marrow 
chimeras  have  shown  that  the  ability  to  recognize  self  H-2  molecules  is  not 
defined  by  the  H-2  genotype  of  the  T  cell  and  may  be  altered  by  the  thymic 
microenvironment  in  which  it  matures.   Closely  related  to  this  process  of 


self-recognition  is  the  phenomenon  of  self -tolerance.   Studies  of  the  immune 
capacity  of  (AxB)F]_ — >P^  chimeras  have  demonstrated  T  cell  tolerance  to  both 
haplotypes  A  and  B  but  T-cell  recognition  of  antigen  only  in  association  with 
haplotype  A.   Based  on  this  observation  that  in  (AxB)Fi — >P^  chimeras  tolerance 
to  the  B-haplotype  is  independent  of  the  thymic  microenvironment.   Studies  are 
being  performed  to  determine  if  self-tolerance  is  inherent  in  the  genome  (and 
therefore  unalterable)  or  effected  by  other  means  in  the  pre-  or  post-thymic 
compartments. 
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Project  Description 

Objective:   These  experiments  will  study  the  contributions  of  different 
cellular  compartments  to  the  development  of  self  tolerance. 

Methods  Employed:   F^  or  parental  type  bone  marrow  which  has  been  depleted  of 
mature  T-cells  will  be  used  to  reconstitute  lethally  irradiated  F^  or  parental 
mice.   After  an  indefinite  time,  cells  from  these  chimeras  will  be  used  in  an 
attempt  to  transfer  tolerance  to  the  other  parental  haplotype  back  to  the 
original  strain.   Specific  tolerance  will  be  assessed  by  in  vitro 
sensitizations  for  the  generation  of  cytotoxic  T-cells  and  proliferation  in  a 
mixed  lymphocyte  reaction. 

Major  Findings:   In  a  lethally  irradiated  parental  mouse  (strain  A) 
reconstituted  with  (AxB)F^  bone  marrow,  the  T-cells  that  eventually  develop 
are  tolerant  to  the  parental  haplotype  B  as  well  as  A.   This  occurs  even  though 
the  thymus  in  which  the  (AxB)F^  cells  mature  is  of  parental  type  A.   This 
implies  the  existence  of  an  extrathymic  influence  on  self  tolerance.   In  order 
to  assess  the  role  of  the  bone  marrow  compartment  in  this  process,  parental  A 
bone  marrow  was  used  to  reconstitute  irradiated  (AxB)F^  mice.   After  two 
months  time,  the  bone  marrow  from  these  chimeras  were  again  transferred  to 
lethally  irradiated  mice  of  the  original  parental  strain  A.   Typing  of  the 
bone  marrow  with  anti-H-2  hybridomas  showed  the  cells  to  be  of  A  type  and  not 
(AxB)F]_.   Preliminary  evidence  indicates  that  these  chLneras  retain  tolerance 
to  the  other  parental  haplotype  (B)  although  the  strain  A  T-cells  have  matured 
in  only  an  A  environment.   Thus  it  appears  that  the  spectrum  of  allo- 
reactivities  expressed  by  mature  T-cells  may  be  influenced  by  exposure  in  a 
prethymic  compartment. 

Significance  to  Biomedical  Reserach  and  the  Program  of  the  Institute:   Insights 
into  the  mechanism  of  self  tolerance  are  important  for  our  understanding  of  the 
function  immune  system  and  the  generaton  of  the  T-cell  repertoire.  As  the 
underlying  principles  become  unraveled,  it  is  hoped  that  they  will  have  a 
significant  impact  on  human  transplantation  medicine  and  the  immunological 
approach  to  treating  cancer. 

Proposed  Course  of  Project:   The  project  will  continue  to  investigate  the  role 
of  the  bone  marrow  environment  in  self  tolerance  in  depth.   Also,  the 
relationship  between  tolerance  and  self  recognition  will  also  be  investigated 
in  these  chimeras. 
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SUMMARY  OF  WORK  (200  words  or  less  »  underline  keywords) 

In  order  to  ascertain  that  the  thymus  is  the  organ  in  which  the  T  cell  self-MHC 
specific  repertoire  is  determined,  the  MHC  specificity  of  cytotoxic  precursor 
cells  differentiating  in  the  thymuses  of  radiation  bone  marrow  chimeras  was 
assessed.   The  results  of  the  experiments  demonstrated  that  thymocytes  from 
A — >AxB  chimeras  were  capable  of  recognizing  TNP  in  association  with  both  A  and 
B  MHC  determinants,  and  that  thymocyte  from  AxB — >A  chimeras  only  recognized 
TNP  in  association  with  A,  not  B,  MHC  determinants.   Thus,  the  earliest  donor  T 
cell  in  chimeric  mice  already  displayed  self-MHC  recognition  restricted  to  the 
host  thymic  MHC  determinants.   These  results  are  consistent  with  the  thymus 
being  the  site  where  MHC  restrictions  of  T  cell  recognition  are  determined,  and 
virtually  excluded  the  possibility  that  MHC  restriction  is  only  a  post-thymic 
event . 


592 


PHS-6040 
(Rev.  10-76) 


Project  No.  Z01  CB  05094-01  I 

Project  Description 

Objectives :   The  objective  of  this  project  is  to  assess  the  presumed  role  of 
the  thymus  in  determining  the  recognition  specificities  of  killer  T  cells 
directly  by  measuring  the  killer  T  cell  responses  to  foreign  antigens  which 
are  recognized  in  the  context  of  H-2  within  the  thymus,  rather  than  in  the 
periphery. 

Methods  Employed:   Thymocytes  generally  give  low  killer  T  cell  responses  to 
alloantigens  and  TNP-modified  self  H-2  antigens.   Application  of  T  cell 
growth  factor  within  the  cultures  however  allows  thymocytes  to  express  strong 
killer  T  cell  responses  with  maintenance  of  specificity  for  the  original 
stimulating  signal.   Thus,  a  method  is  available  to  study  the  specificity 
repertoire  of  thymocyte  T  killer  cells.   Complicating  allogeneic  effects  are 
avoided  by  using  radiation  bone  marrow  chimeras.   By  studying  the  T  killer 
cell  responses  of  such  chimeras  (parent — >F]_,  F^ — >parent  and  fully  allo- 
geneic chimeras)  to  "third  party"  alloantigens,  tolerated  alloantigens, 
TNP-modified  self  and  TNP  modified  tolerated  alloantigens,  an  answer  is 
sought  to  the  question  as  to  at  which  stage  of  the  T  cell  differentiation 
pathway  recognition  specificities  of  T  killer  cells  are  expressed. 

Major  Findings:   The  studies  on  thymocyte  T  killer  cell  responses  in 
parent — >F^  and  F]_ — >parent  chimeras  have  been  completed  and  indicate 
that  (a)  in  parent — >F]_  chimeras,  thymocytes  are  already  fully  tolerant  for 
the  incompatibile  recipient's  H-2  type,  display  normal  allorecognition  of 
"third  party"  alloantigens,  and  recognize  TNP  in  association  with  both 
parental  haplotypes;  (b)  in  F^ — >  parent  chimeras,  thymocytes  from  most 
mice  are  restricted  to  recognizing  TNP  in  association  with  recipient's  H-2 
type  and  express  normal  alloreactivity  to  "third  party"  alloantigens;  (c)  in 
both  types  of  chimeras,  the  above  killer  T  cell  recognition  specificities 
are  observed  at  a  time  (4-6  weeks  after  bone  marrow  reconstitution)  when,  as 
judged  from  the  lack  of  any  killer  T  cell  responses  in  the  spleen,  these 
chimeric  mice  were  not  yet  "immunocompetent". 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
above  project  will  allow  a  better  insight  into  the  mechanisms  responsible 
for  the  regulation  of  T  lymphocyte  responses  to  foreign  antigens  and  thereby 
yield  ways  to  manipulate  immune  disorders  in  humans  which  are  a  consequence 
of  regulatory  failure. 

Proposed  Course  of  Project:  The  project  will  next  study  thymocytes  from 
fully  allogeneic  chimeras  and  the  involvement  of  T  helper  cells  in  the 
expression  of  the  self -specif ic  repertoire  of  T  killer  cells  in  the  thymus. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Autologous  mouse  testicular  cells  derived  from  the  seminiferous  tubules  activate 
suppressor  T  cells  which  inhibit  a  syngeneic  or  allogeneic  mixed  cell  reaction 


in  vitro.   Generation  of  cytotoxic  T  cells  in  vitro  is  reduced  in  the  presence 
of  syngeneic  germ  cells  (spermatozoa  from  the  siminiferous  tubules  or  epididymal 
sperm).   Spleen  cells  from  mice  injected  with  syngeneic  sperm  show  a 
nonspecifically  suppressed  potential  to  generate  cytotoxic  T  cells  in  vitro. 
In  contrast,  spleen  cells  from  mice  injected  with  syngeneic  testicular  cells 
derived  from  the  seminiferous  tubules  exhibit  a  reduced  response  against  TNP- 
modif ied  self  antigen;  spleen  cells  from  mice  inoculated  with  allogeneic 
testicular  cells  from  the  seminiferous  tubules  suppress  the  cytotoxic  response 
against  splenic  stimulators  of  the  same  haplotype. 
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Project  Description 

Objectives:   The  objective  of  this  study  is  to  investigate  the  antigenic, 
genetic  and  cellular  requirements  leading  to  an  autoimmune  reaction  against 
male  germ  cells.   For  this  purpose,  murine  male  germ  cells  have  been  chosen 
as  antigen.   Due  to  their  morphological  isolation,  immunological  tolerance  is 
not  acquired,  and  thus  there  cells  remain  autoantigenic. 

Methods  Employed:   Sequential  protease  treatment  of  murine  testes  released  two 
fractions  of  cells:   a  population  consisting  of  interstitial  cells;  and  a 
second  population  which  is  derived  from  the  seminiferous  tubules  consisting  of 
spermatozoa.   Sperm  cells  were  obtained  from  the  epididymis.   Spleen  cells  from 
normal  mice  of  various  strains  were  sensitized  in  vitro  against  autologous 
spleen  cells  modified  with  a  trinitrophenyl  group  or  against  allogeneic 
stimulators  in  presence  of  autologous  germ  cells.   In  another  protocol  spleen 
cells  from  mice  previously  injected  with  germ  cells  were  stimulated  in  vitro 
against  modified  syngeneic  or  allogeneic  spleen  cells.   Lymphocyte  reactivity 
was  assayed  by  measuring  the  proliferative  response  by  -*H  thymidine 
incorporation  and  by  determining  cytotoxic  activity  on  ^lcr-labelled  PHA 
blast  cells. 

Major  Findings:   The  two  testicular  cell  populations  showed  different  effects 
by  lymphocyte  proliferation  in  vitro:   lymphocyte  reactivity  was  suppressed 
against  the  autologous  germ  cell  population  itself  as  well  as  against 
autologous  or  allogeneic  interstitial  cells  or  against  allogeneic  spleen  cells 
when  germ  cells  were  present  during  the  sensitization  phase.   In  contrast,  the 
testicular  cells  consisting  of  an  enriched  population  of  interstitial  cells 
stimulated  lymphocyte  proliferation.   The  reactive  lymphocytes  were  T  cells; 
suppression  could  be  abrogated  by  treatment  of  the  responder  cells  with  anti-Ly 
2.2  sera,  plus  complement.   Lymphocyte  proliferation  was  significantly  reduced 
by  anti  Thy  1.2  plus  complement  treatment.   Similar  suppressive  effects  of 
autologous  germ  cells  have  been  observed  on  the  generation  of  cytotoxic  T 
lymphocytes  in  vitro.   In  the  presence  of  spermatozoa  from  the  seminiferous 
tubules  the  reactivity  against  modified  self  or  alloantigen  was  reduced, 
whereas  interstitial  testicular  cells  had  no  significant  effect.   No  difference 
has  been  found  in  responder  spleen  cells  between  male  or  female  mice. 

Spleen  cells  from  young  adult  male  mice  injected  i.v.  with  syngeneic  sperm  and 
then  followed  by  sensitization  in  vitro  against  splenic  stimulators  exhibited 
strongly  reduced  potential  to  generate  cytotoxic  T  lymphocytes  against  modified 
self  and  to  a  lesser  extent,  against  alloantigens.   Co-cultivation  of  these 
spleen  cells  with  normal  responder  cells  showed  that  the  lack  of  cytotoxic 
reactivity  was  due  to  a  suppressor  mechanism.   Suppression  was  more  pronounced 
with  increasing  age  of  the  sperm  donor  mice.   The  affected  recipients  exhibited 
symptoms  of  graft  vs.  host  disease  of  various  degrees.   So  far,  haplotype 
restriction  has  not  been  found.   Injection  of  germ  cell  from  the  seminiferous 
tubules  (which  contain  immature  spermatozoa  of  various  differentiation  stages) 
followed  by  in  vitro  sensitization  against  splenic  stimulation  also  showed 
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reduced  cytotoxic  potential.   However,  in  contrast  to  the  unspecific  sup- 
pression induced  by  syngeneic  sperm,  the  testicular  cell  induced  suppression 
was  specific.   Thus,  injection  of  syngeneic  testicular  cells  inhibited  the 
generation  of  a  CTL  response  against  modi fied-s elf  only,  whereas  injection 
of  allogeneic  testicular  cells  exclusively  inhibited  the  response  agaiast 
the  stimulators  of  the  inoculated  haplotype,  but  not  against  a  third-party 
stimulator. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Antigens  have  been  shown  to  be  expressed  on  cells  of  the  male  germ  line  as 
well  as  on  tumors  which  derive  from  embryonic  cells.   Both  cell  types  induced 
immunosuppression.   Therefore,  this  project  may  be  of  medical  relevance, 
since  it  may  help  to  understand  the  immune  status  of  individuals  if  such 
antigens  come  into  contact  with  the  immune  system;  e.g.  after  vasectomy  or 
during  development  of  neoplastic  cells. 

Proposed  Course  of  Project:   Experiments  will  be  performed  to  investigate 
the  mechanism  leading  to  the  gene  cell-induced  suppression  of  the  CTL 
response.   The  antigenic  determinants  on  the  germ  cells  responsible  for  the 
induction  will  be  investigated  using  monoclonal  reagents.   It  will  be  tested 
(a)  whether  antibodies  directed  against  specific  surface  structures  bind  to 
germ  cells  and  (b)  whether  induction  of  suppression  can  be  prevented  by 
preinjection  of  the  specifc  monoclonal  reagents.   In  addition,  variation  of 
antigen  expression  will  be  studied,  since  induction  of  suppression  seemed  to 
be  related  to  the  age  of  the  germ  cell  donors.   The  target  cell  of  the  germ 
cell  within  the  lymphoid  cell  population  will  be  determined  using  physical 
or  serological  separation  methods  and  consecutively  their  suppressive  ability 
on  normal  spleen  cells  in  co-cultivation  experiments  will  be  tested. 
Recombinant  mouse  strains  will  be  used  to  determine  whether  there  is  genetic 
restriction  at  the  level  of  the  germ  cells  for  induction  of  suppression 
and/or  at  the  level  of  the  interaction  of  the  suppressor  cells  with  the 
target  lymphoid  cell. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  determine  the  distribution  of  calcium  in 
cellular  organelles  and  the  effects  of  physiologic  stimuli  on  the  distribution 
of  calcium  and  the  morphology  of  calcium-containing  organelles.   It  is 
particularly  concerned  with  the  question  whether  the  endoplasmic  reticulum  (ER) 
is  a  calcium  uptake  system  and  whether  calcium  can  be  released  from  the  ER  in 
response  to  surface  membrane  stimuli  such  as  specific  ligand-receptor  inter- 
actions.  Tissue  is  prepared  by  rapid  freezing  or  by  modified  fixation  procedures 
designed  to  retain  Ca  in  situ.   Ca  is  identified  in  sections  by  electron-probe 
x-ray  microanalysis.   Early  stages  of  this  study  have  been  devoted  to  refinement 
and  testing  of  the  methods.   Results  thus  far  with  macrophages  and  fibroblasts 
suggest  that  similar  to  muscle  and  nerve,  the  endoplasmic  reticulum  in  these 
cells  contains  calcium,  and  furthermore,  it  forms  morphologically  specialized 
oppositions  with  the  surface  membrane  similar  to  those  between  the  surface  and 
sarcoplasmic  reticulum  membrane  at  triads  in  muscle.   Another  class  of  organelle 
also  contains  calcium:   organelles  whose  membranes  circulate  through  the  cell 
surface  via  endocytosis  and  exocytosis. 
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Project  Description 

Objectives:   The  general  objective  of  this  project  is  to  study  the  distribution 
of  calcium  within  cells  and  to  determine  how  its  distribution  is  affected  by 
physiologic  stimuli.   A  working  hypothesis  underlying  a  part  of  this  study  is 
that  the  endoplasmic  reticulum  (ER)  of  all  cells  can  function  as  a  calcium 
sequestering  system  similar  to  the  sarcoplasmic  reticulum  of  muscle.   An 
implication  of  this  hypothesis  is  that  there  may  also  be  a  mechanism  by  which 
calcium  can  be  released  from  the  ER  in  response  to  surface  membrane  stimuli, 
providing  for  a  trans-membrane  signal  in  many  cell  types  analogous  to 
excitation-contraction  coupling  in  muscle. 

The  immediate  objectives  are: 

1.  To  identify  calcium-containing  organelles  in  macrophages  and  fibroblasts 
using  modifications  of  existing  techniques  of  tissue  preparation  for  electron 
microscopy.   This  can  answer  the  qualitative  question:   which  cellular 
organelles  contain  calcium  in  these  two  cell  types?   (In  particular:   Does  the 
ER  contain  calcium?) 

2.  To  develop  and  apply  rapid  freezing  techniques  for  tissue  preparation  to 
approach  the  more  complex  question:   How  is  the  calcium  distribution  in  cells 
affected  by  physiological  stimuli?   (In  particular:   Is  Ca  released 

from  the  ER?) 

3.  To  study  the  effect  of  agents  which  cause  changes  of  calcium  distribution 
upon  the  morphology  of  the  organelles  involved  in  calcium  handling.   [In 
particular,  to  study  the  relative  volume  of  the  endoplasmic  reticulum  and 
extent  of  its  apposition  to  the  surface  membrane  in  specialized  structures 
(subsurface  cisterns)  which  resemble  the  junctions  between  the  surface  (or 
transverse  tubule)  membrane  and  sarcoplasmic  reticulum  at  "triads"  of  muscle.] 

Methods  Employed:   Basic  morphologic  studies  are  done  using  standard  techniques 
of  electron  microscopy.   Identification  of  intracellular  calcium-containing 
organelles  require  in  addition:   1)  Methods  of  tissue  preparation  that  retain 
calcium  in  situ.   Two  approaches  to  this  have  been  used:   (a)  In  previous 
studies  (in  collaboration  with  Dr»  To  S.  Reese  of  NINCDS)  cells  were  rapidly 
frozen  and  substituted  with  acetone  in  the  presence  of  osmium.   (b)  Modified 
fixation  procedures  have  also  been  used.   These  include  fixation  in  aldehyde  in 
the  presence  of  oxalate  followed  by  post-fixation  in  osmium  in  acetone.   The 
results  obtained  by  method  (b)  were  compared  with  results  obtained  by  method 
(a)  using  the  squid  giant  axon  and  mouse  skeletal  muscle  as  test  tissues.   (2) 
Identification  of  calcium  in  the  organelles  of  cells  [prepared  as  in  (1)]. 
This  is  done  by  electron-probe  X-ray  microanalysis  using  the  analytic  electron 
microscope  facility  being  developed  by  BEIB  in  DRS. 

The  function  of  intracellular  calcium-containing  organelles  is  being  approached 
by  correlation  of  changes  in  the  morphology  of  organelles  (found  to  contain 
calcium)  with  treatments  known  to  affect  particular  cellular  functions. 
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Macrophages  are  obtained  from  peritoneal  exudates  of  mice  or  guinea  pigs  or 
observed  in  spleens  or  livers  of  perfused  mice.   Human  peripheral  blood  mono- 
cytes have  also  been  examined. 

Preliminary  studies  are  being  done  on  the  effects  of  calcium-loading  of  cells 
by  incubation  in  raised  external  Ca  concentrations,  effects  of  time  in  culture 
of  peritoneal  exudate  cells,  and  effects  of  several  modes  of  anesthesia  on  the 
retention  and  distribution  of  calcium  in  organelles  of  cells  in  tissue  from 
perfused  mice. 

Major  Findings:   In  previous  studies  related  to  this  problem  I  have  shown  that 
the  endoplasmic  reticulum  of  neurons  is  a  calcium-sequestering  compartment. 
In  macrophages  areas  of  both  smooth  and  rough  endoplasmic  reticulum  also 
contain  calcium.   The  ER  of  macrophages  forms  morphologically  specialized 
appositions  (subsurface  cisterns)  with  the  surface  membrane  (or  the  membrane  of 
newly  internalized  pinosomes)  similar  to  the  junctions  between  the  surface 
membrane  and  sarcoplasmic  reticulum  of  muscle  at  "triads".   Other  organelles 
also  contain  calcium.   One  general  class  includes  organelles  whose  membranes 
circulate  through  the  surface  membrane  via  endocytosis  and  exocytosis.   This 
class  includes  pinosomes  and  phagosomes,  lysosomal  structures  and  secretory 
granules.   Some  cisterns  and  vesicles  in  the  vicinity  of  the  Golgi  apparatus 
also  contain  dense  deposits,  but  these  are  very  small  structures  and  it  has 
not  yet  been  possible  to  identify  them  in  the  images  thus  far  obtained  under 
conditions  for  X-ray  analysis.   Calcium  has  also  been  identified  in  the 
periphery  of  lipid  droplets  and  in  the  space  between  the  inner  and  outer 
mitochondrial  membranes,  but  rarely  is  found  in  mitochondrial  matrices. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
role  of  calcium  as  a  transmembrane  signal  or  second  messenger  and  its  import- 
ance as  a  regulator  of  many  intracellular  functions  is  becoming  increasingly 
apparent.   Examples  of  calcium-regulated  functions  include:   motility  based  on 
actin-myosin  systems,  secretion  by  exocytosis  control  of  membrane  permeability 
to  other  ions,  processes  dependent  upon  polymerization  of  microtubules  the 
activity  of  many  enzymes,  and  probably  control  of  cell  proliferation  and 
differentiation.   How  calcium  is  distributed  within  cells  and  how  its  distribution 
is  affected  by  physiologic  stimuli  are,  thus,  questions  of  fundamental  importance 
for  the  understanding  of  normal  cell  function. 

While  cell  functions  controlled  by  calcium  are  clearly  basic  to  normal  cellular 
mechanisms  of  immune  responses,  the  role  of  calcium  in  these  systems  has  not 
been  clarified.   The  same  is  true  for  the  role  of  calcium  in  growth  control. 
Some  studies  indicate  differences  in  calcium  requirements,  calcium  fluxes,  and 
calcium  content  of  cells  with  different  growth  properties.   While  these  results 
suggest  that  calcium  may  be  important  in  growth  control,  they  have  yielded  no 
unified  hypotheses  about  mechanisms.   Identification  of  calcium  in  its 
morphologic  context  may  help  to  clarify  some  of  the  intricacies  of  cellular 
control  of  calcium  and  control  by  calcium  of  cellular  functions.   The  studies 
being  undertaken  in  this  project  should  thus,  lay  the  foundation  for  future 
studies  directed  at  the  role  of  calcium  in  the  cell  biology  of  cancer. 
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Proposed  Course  of  Project:   Immediate  plans  involve  refinements  of  the 
techniques  and  determination  of  their  limitations.   The  results  obtained  until 
now  are  an  indication  of  which  intracellular  organelles  contain  calcium  (above 
the  amount  detectable  by  the  instrumentation  in  use  at  the  time  the  measure- 
ments were  made).   They  are,  however,  very  qualitative  and  only  a  first 
approximation  to  the  kind  of  information  that  is  really  desirable.   The 
ultimate  objective  is  to  refine  tissue  preparation  and  analytic  methods  to 
make  possible  the  study  of  changes  in  calcium  distribution  within  cell 
organelles  in  response  to  physiologic  stimuli.   This  requires  advances  in 
three  areas:   (1)  The  use  of  rapid  freezing  as  the  primary  method  of  tissue 
preparation.   (2)  Improvements  of  microanalytic  capabilities.   The  Biomedical 
Engineering  and  Instrumentation  Branch  of  the  Division  of  Research  Services 
has  been  developing  an  analytic  electron  microscope  facility  which  includes  a 
200  KV  electron  microscope  (Hitachi  H-700)  equipped  with  an  energy  dispersive 
x-ray  spectrometer  and  associated  computer  support  for  data  collection  and 
analyses.   I  am  currently  working  with  the  physicists  in  charge  of  the  BEIB 
facility  to  determine  the  optimal  conditions  under  which  thin  sections  of  Ca- 
containing  tissue  can  be  prepared  for  x-ray  analysis  consistent  with  the 
requirement  that  the  fine  structure  of  the  cells  be  identifiable  at  the  time 
of  the  analysis.   Conditions  being  examined  are  various  sectioning  techniques, 
section  thickness,  substrate  preparation,  grid  composition,  methods  of  contrast 
enhancement,  etc.   At  the  same  time  the  physicists  operating  the  BEIB  facility 
are  working  to  improve  the  sensitivity  of  the  system  by  reducing  instrument 
background  and  upgrading  their  data  processing  capabilities.   (3)  An  approach 
to  quantitation  of  Ca  in  sections  by  development  of  standards  comparable  in 
composition  to  thin  sections  of  cells.   I  intend  to  develop  a  set  of  model 
cells  and  "organelles"  containing  known  amounts  of  calcium.   For  this  I  intend 
to  use  vesicles  prepared  from  red  cell  ghosts  loaded  with  known  amounts  of 
calcium-chelate  complexes  and  prepared  by  the  same  methods  used  in  the  study 
of  cells. 

Further  studies  of  the  distribution  of  calcium  in  macrophages  undergoing  Fc 
receptor  dependent  and  independent  endocytosis  of  large  particles  (phago- 
cytosis) and  small  immune  complexes  are  planned.   I  also  intend  to  compare  the 
calcium  distribution  in  cells  undergoing  endocytosis  induced  by  binding  of 
ligand  to  other  receptors. 

Studies  in  the  literature  suggest  that  calcium  is  involved  in  the  mechanism 
of  growth  control,  possibly  as  a  second  messenger  in  the  action  of  growth 
"factors"  and  other  mitogens.   More  long  range  plans  include  the  study  of  the 
distribution  of  calcium  and  the  morphology  of  calcium-containing  organelles  in 
quiescent  cells  and  at  various  times  after  the  cells  are  exposed  to  mitogen. 
This  might  be  done  in  cultured  fibroblasts  by  serum  starvation  and  readdition, 
or  in  lymphocytes  treated  with  mitogenic  lectins. 

Publications 

Henkart,  M. :   Identification  and  function  of  intracellular  calcium  stores  in 
neurons.   Introduction  to  Symposium.   Fed.  Proc.  ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  examine  the  structure  of  thyroglobulin  and 
thyroglobulin  receptors  of  thyroid  glands  in  normal  subjects  and  those  with 
thyroid  disease.   Genetic  strains  of  chickens  have  served  as  models  for 
Graves  disease  and  for  autoimmune  thyroiditis. 
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Project  Description 

Objectives:   The  purpose  of  these  studies  is  to  determine  if  there  is  a 
relationship  between  the  structure  of  thyroglobulin  and  a  variety  of  thyroid 
dysfunctions.   The  study  is  also  concerned  with  an  elucidation  of  the 
functional  groups  of  thyroglobulin  which  are  required  for  interaction  with 
the  receptor  on  thyroid  membranes. 

Methods  Employed:   Isolation,  purification  and  analysis  of  proteins,  glyco- 
proteins, gangliosides  and  lipids,  fluorescence  microscopy,  immuno- 
precipitation,  chemical  modification  of  proteins,  chemical  modification  of 
carbohydrates,  isolation  of  membrane  receptors,  radiolabelling  of  proteins 
and  glycoproteins,  two  dimensional  gel  electrophoresis,  sedimentation 
velocity  and  sedimentation  equilibrium,  column  chromatography  and  thin  layer 
chromatography. 

Major  Findings:   A)   Thyroglobulin  isolated  from  the  Cornell  Strain  (CS)  of 
white  Leghorn  chickens  is  exclusively  19S  material  which  binds  well  to  either 
bovine  thyroid  membranes  or  to  membranes  isolated  from  normal  chickens,  CS 
chickens  or  the  Obese  Strain  (OS)  chickens.   The  CS  thyroglobulin  also  has 
many  N-acetylglucosamine  residues  and  is  precipitable  by  wheat  germ  aggluti- 
nin. 

Thyroglobulin  isolated  from  Obese  Strain  (OS)  chickens  which  develop 
autoimmune  thyroiditis  several  weeks  after  hatching  has  no  19S  thyroglobulin 
but  does  have  a  protein  having  a  sedimentation  coefficient  of  6S  which  cross 
reacts  with  antibodies  against  19S  bovine  thyroglobulin  or  antibody  against 
normal  chicken  thyroglobulin. 

The  OS  thyroglobulin  is  poorly  precipitated  by  wheat  germ  agglutinin 
which  selectively  interacts  with  N-acetylglucosamine  residues  and  binds  very 
poorly  to  thyroid  membranes. 

Normal  chicken  thyroglobulin  consists  of  an  equimolar  mixture  of  19S 
and  12S  components  which  are  separable  on  Sephacryl.   The  19S  component  binds 
best  to  thyroid  membranes  while  the  12S  material  binds  poorly. 

B)   Bovine  Thyroglobulin. 

I.   Chemical  modification  of  amino  acid  side  chains  - 

a)  Lysine  residues  -  modification  by  either  trinitrophenylation 
or  succinylation  markedly  increases  binding  to  thyroid  membranes  and  also 
increases  binding  of  TSH  (thyrotropin) .   Succinylation  causes  dissociation 
of  19S  to  12S  thyroglobulin  whereas  trinitrophenylation  does  not  alter  the 
sedimentation  coefficient  of  the  hormone. 

b)  Reduction  of  the  disulfide  bonds  and  subsequent  carboxy- 
methylation  of  the  sulfhydryl  group  results  in  dissociation  to  12S  material 
and  also  results  in  enhanced  binding  to  thyroid  membranes. 


602 


Z01  CB-05097-01   I 

c)  Tyrosyl  residues  -   1.   Modification  with  tetranitomethane 
results  in  nitration  of  tyrosyl  residues  and  the  production  of  some  higher 
molecular  weight  aggregates.   The  nitro  thyroglobulin  thus  produced  has  a 
greater  affinity  toward  thyroid  membranes  than  unmodified  thyroglobulin. 
2.   Iodination  of  tyrosyl  residues  also  results  in  material  that  shows 
enhanced  binding  to  thyroid  membranes. 

II.   Modification  of  the  oligosaccharide  portion  of  thyroglobulin  - 

a)  Trifluoroacetolysis  of  thyroglobulin  results  in  the  removal 
of  the  oligosaccharide  portion  intact.   This  material  is  currently  being 
radiolabelled  to  determine  if  it  binds  to  thyroid  membranes  or  if  it 
interferes  with  the  binding  of  intact  thyroglobulin. 

b)  Sequential  removal  of  sugars  by  specific  enzymatic  treatment- 
The  terminal  sialic  acid  of  thyroglobulin  was  removed  by  treatment  with 
Vibrio  cholera  neuraminidase  at  pH  5.5.   The  asialothyroglobulin  was 
separated  from  neuraminidase  on  a  column  of  Sephacryl.   The  removal  of  the 
terminal  sialic  acid  did  not  decrease  the  binding  to  thyroid  membranes. 

The  asialo  thyroglobulin  is  currently  being  treated  with  3-galactosi- 
dase  in  order  to  remove  the  next  sugar  in  sequence.   The  g-galactosidase 
will  be  removed  on  an  affinity  column  and  the  asialo  agalacto  thyroglobulin 
radioiodinated  to  measure  its  binding  to  thyroid  membranes. 

c)  Liposomes  -  Liposomes  were  prepared  from  cholesterol  and 
dioleyl  phosphatidyl  choline  into  which  lithium  diiodosalicylate  (LIS) 
soluble  material  from  thyroid  membranes  was  incorporated.   These  "LIS"  lipo- 
somes are  very  effective  in  binding  thyroglobulin  and  all  of  the  modified 
thyroglobulins  previously  described. 

Incorporation  of  gangliosides  (G    ,  G   ,  or  G  )  into  the  liposome 
partially  interferes  with  the  binding  or  thyroglobulin. 

Treatment  of  the  liposomes  with  concanavalin  A  markedly  enhances 
binding  of  thyroglobulin  which  is  completely  reversed  by  methyl  a-manno- 
pyranoside.   The  addition  of  gangliosides  to  the  liposomes  partially  inhibits 
TSH  binding  and  a-methylmannoside  does  not  completely  reverse  the  con  A 
effect. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
characterization  of  normal  thyroglobulin  and  of  the  thyroglobulin  receptor 
of  thyroid  membranes  allows  for  the  study  of  the  ligand  and  receptor  in 
human  thyroid  tumors.   In  fact  such  a  study  is  now  underway  in  collaboration 
with  Dr.  Fabrizio  of  Rome,  Italy,  and  Dr.  Bill  Valente,  University  of 
Maryland . 

Proposed  Course  of  the  Project:  We  plan  to  isolate  the  thyroglobulin 
receptor,  purify  it  and  prepare  monoclonal  antibodies  to  it  so  that  we  can 
readily  determine  whether  patients  with  thyroid  dysfunctions  have  abnormal 
thyroglobulin  receptors  or  abnormal  thyroglobulin. 
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SUMMARY   OF   WORK   (200  words   or   less   -   underline   keywords)  The    purpose    of    this    project    is    to 

study  the  cell  surface  membrane,  how  it  may  change  in  transformation  to 
malignancy,  either  by  spontaneous  induction,  or  as  induced  by  SV40  virus;  to 
study  the  nature  of  tumor  antigens  associated  with  cells  transformed  by  either 
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tionship to  SV40  A  gene  expression;  4)  A  56,000  MW  SV40  induced  but  cell  DNA  en- 
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embryo  cells;  5)  Study  of  "spontaneous"  transformation  of  cells  in  culture  and 
of  the  balance  between  such  tumorigenicity  and  the  SV40  TSTA  in  families  of  clon- 
al cells  with  known  genealogy.       ^q^ 
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Project  Description 

Objectives :   To  elucidate  certain  biochemical  and  biological  changes  both  in 
the  cell  surface  and  in  the  control  mechanisms  involved  in  cell  division, 
which  occur  during  transformation  to  malignancy  in  mouse  cells. 

Methods  Employed:   Labelling  glycoproteins,  glycosaminoglycans  and  glyco- 
lipids,  proteins  and  nucleic  acids  with  radioactive  precursors  during  cell 
growth  in  culture.   Novel  fractionation  techniques  for  isolation  of  (labelled) 
subcellular  components,  including  cell  surface  membranes  and  macromolecules 
associated  with  surface  membranes.   Isolation  and  characterization  procedures 
include  thin-layer  and  column  chromatography,  gel  electrophoresis,  electro- 
focusing  and  autoradiography  of  gel  slabs.   Analytical  and  preparative  ultra- 
centrifuge  studies.   Enzymological  techniques  pertinent  to  intermediary 
metabolism  of  carbohydrates.   Cell  growth  dynamics  in  culture,  and  also 
in  vivo,  in  syngeneic  and  in  nude  mice. 

Major  Findings:   I.   Analysis  of  Glycosaminoglycan  Metabolism.   In  attempting 
to  elucidate  the  alterations  of  cellular  metabolism  which  define  the  neo- 
plastic state,  the  most  frequently  used  model  has  been  the  in  vitro  trans- 
formation of  cells  by  viruses,  such  as  by  SV40.   It  is  well  known  that  upon 
infection  of  cells  by  SV40,  the  transformation,  i.e.  permanent  insertion  of 
SV40  DNA  into  the  cellular  genome  and  heritable  expression  of  the  "early"  or 
A  half  of  the  SV40  gene  as  detected  by  the  synthesis  of  its  product  the  T 
antigen,  is  a  very  rare  event.   We  have  previously  shown  that  after  infection 
of  a  "parent"  cloned  mouse  cell  (210C)  by  SV40,  the  metabolism  of  heparan 
sulphate  is  altered  only  in  the  SV40  transformed  subclones  which  possess  SV40 
DNA  and  express  the  SV40  T-antigen,  but  not  in  an  untransformed  "sister"  clone. 
Similar  changes  in  heparan  sulfate  were  shown  in  SV40  transformed  3T3  cells 
selected  for  their  ability  to  form  foci  in  cell  culture.   Thus  the  altered 
metabolism  can  be  detected  consistently  and  only  in  the  cells  which  express 
the  SV40  T-antigen  -  the  protein  thought  to  be  responsible  in  transformed 
cells  for  stimulation  of  DNA  synthesis  and  for  loss  of  growth  control. 

As  an  alternative  to  the  virus  transformation  model,  we  have  isolated 
highly  tumorigenic  tumor  cell  lines  by  in  vivo  selection  from  two  independent 
clones  (210C  and  216C)  of  AL/N  mouse  fibroblasts  which  possess  very  low 
tumorigenicity.   Because  these  tumor  cell  lines  were  isolated  from  tumors 
induced  in  the  syngeneic  mouse  by  injecting  10'  or  10°  cloned  cells,  and 
because  the  tumor  lines  possess  heritably  very  high  tumorigenicity  (median 
tumorigenic  dose  -10   cells/mouse),  the  simplest  explanation  is  that  they 
represent  variants  (possibly  mutants)  which  arose  spontaneously  at  a  very  low 
frequency,  and  which  must  have  been  selected  out  from  the  clones  on  the  basis 
of  their  high  tumorigenicity.   We  reasoned  that  if  there  is  a  specific 
biochemical  difference  which  is  common  between  at  least  two  different  tumor 
cell  lines  and  their  respective  parent  clones,  which  is  also  the  same 
between  the  parent  and  the  SV40  transformed  daughter  clones,  this  is  then 
unlikely  to  be  just  a  coincidence  as  both  models  of  transformation  select 
rare  transformed  cells  by  very  different  mechanisms,  but  probably  reflects 
basic  and  common  biochemical  alterations  in  both  types  of  transformation 
events . 
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The  same  specific  alteration  in  anion  exchange  properties  of  glycosa- 
mine  and  glycosaminoglycans  as  was  previously  reported  for  SV40  transformed 
subclones,  was  found  in  cell  lines  selected  from  two  independent  clones  of  an 
established  mouse  embryo  cell  line  by  their  ability  to  grow  as  solid  tumors 
in  immunocompetent  syngeneic  hosts.   One  tumor  cell  line  (219CT)  and  one  SV40 
transformed  subclone  (215CSC)  were  selected  for  further  detailed  comparison 
with  their  common  parent  clone  (210C) .   Cellulose  acetate  electrophoresis  at 
pH  1.0  showed  that  215CSC  heparan  sulfate  had  a  slight  overall  decrease  in 
sulfation  compared  with  heparan  sulfate  from  210C,  however  no  gross  difference 
could  be  detected  between  heparan  sulfate  from  219CT  and  210C.   Analysis  of 
the  products  of  deaminative  cleavage  of  heparan  sulfate  by  nitrous  acid  under 
conditions  where  cleavage  occurs  quantitatively  at  N-sulfated  glucosamine 
residues  showed  that  although  heparan  sulfate  from  the  three  cell  lines  gave 
similar  yields  of  O-sulfated  disaccharides ,  both  215CSC  and  219CT  had  only 
about  half  as  many  0-sulfate  residues  in  higher  molecular  weight  oligosac- 
charides compared  to  heparan  sulfate  from  210C.   Enzymatic  degradation  of 
heparan  sulfate  with  a  mixture  of  enzymes  from  F.  heparinum  showed  that 
heparan  sulfate  from  215CSC  and  219CT  had  30%  fewer  glucosamine  residues 
bearing  6-0-sulfate  groups.   As  this  reduction  in  6-0-sulfate  glucosamine 
residues  occurs  in  regions  of  the  chain  containing  relatively  few  sulfate 
groups,  it  is  clear  that  certain  sequences  of  charged  groups  present  in 
heparan  sulfate  from  210C  will  be  found  only  rarely  in  heparan  sulfate  from 
215CSC  and  219CT.   It  is  suggested  that  this  will  result  in  alterations  of 
the  interaction  of  heparan  sulfate  with  other  molecules  in  the  microenviron- 
ment  at  the  cell  surface,  which  then  is  important  in  the  control  of  such 
phenomena  as  cell  growth  and  adhesion,  both  in  culture  and  also  in  vivo. 

The  biochemical  part  of  this  research  is  being  continued  by  Dr.  David 
Winterbourne,  at  the  Cell  Surface  Research  Fund  Laboratories  at  St.  George's 
Medical  School,  University  of  London,  while  we  continue  to  do  the  biological 
part  of  the  research  and  provide  him  with  the  appropriate  clones  and  further 
derivative  tumor  cell  lines . 

In  an  associated  project  we  began  to  study  the  influence  of  biosynthetic 
modifiers  of  glycoprotein  biosynthesis  as  is  reflected  on  cell  surface 
properties,  using  selected  cell  clones  and  derivative  tumor  lines.   This 
project  has  been  initiated  by  Dr.  Paul  W.  Kent,  Director  of  the  Glycoprotein 
Research  Unit  at  the  University  of  Durham,  while  on  a  sabbatical  visit  on  a 
Leverhulme  Fellowship  to  this  laboratory.   With  Dr.  Kent  we  are  exploring 
the  effect  of  known  modifiers  such  as  deoxyglucose  on  glycoprotein  metabolism 
and  on  epidermal  growth  factor  (EGF)  receptors  on  the  cell  surface.   Dr.  Kent 
is  expanding  this  research  to  effects  of  fluorinated  carbohydrates  which  are 
close  structural  analogs  of  the  amino  sugars,  at  Durham  University,  and  we 
are  continuing  the  biologic  and  genetic  aspects  of  these  studies  here. 

II.  &  III.   SV40  DNA  Encoded  Surface  Antigens  in  SV40  Transformed  Cells. 
We  have  concluded  a  collaborative  study  on  SV40  transformed  cells  using  SV40 
tsA  mutants  (R.  Martin,  NIAMDD)  and  purified  nuclear  T  antigens  from  SV40 
tranformed  human  (SV80)  cells  (D.  Livingston,  Harvard  Medical  School).   A 
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preparation  of  T-antigen  from  SV40  cells,  which  exhibited  only  one  protein 
band  after  SDS-PAGE  electrophoresis,  showed  very  high  in  vivo  SV40  specific 
TSTA  activity  in  mice:  as  little  as  0.6yg  of  protein  per  mouse  fully  protected 
against  take  of  SV40  transformed  tumorigenic  cells.   This  finding  was  a  cul- 
mination of  careful  studies  by  S.    Luborsky,  C.  Chang  and  others  on  purifica- 
tion and  subcellular  localization  of  the  SV40  T  antigen,  and  also  the  TSTA 
activities.   Details  of  the  more  recent  findings  are  summarized  by  S.  W. 
Luborsky  (Project  No.  Z01  CB-05544-12  I  entitled:   Cell  Surface  Changes  in 
Transformed  Mouse  Cell  lines.) 

S.  Luborsky  with  K.  Chandrasekaran  now  showed  SV40  large  T  antigen 
present  in  subcellular  fractions  enriched  in  cell  surface  membrane.   The 
large  T  antigen  was  also  shown  to  be  present  on  the  surface  of  intact  cells 
by  at  least  two  techniques:   lactoperoxidase  catalyzed  iodination  from  the 
outside,  and  gentle  trypsinization  which  did  not  disrupt  the  integrity  of  the 
cells.   From  these  results,  and  from  the  previously  published  results  on  the 
tsA  mutants  and  on  T  antigen  negative  revertant  tumor  lines  we  conclude  that 
the  product  of  the  A  gene  of  the  SV40  DNA, the  large  T  antigen, is  sufficient 
to  account  for  the  SV40  specific  TSTA  activity. 

IV.   Properties  of  a  Cellular  DNA  Encoded  56,000  MW  Protein.   In  looking 
for  some  possible  new  deletion  mutants  in  SV40  T  antigen  minus  revertant 
tumor  cells,  with  C.  Chang,  we  observed  quite  accidentally  that  a  55,000  MW 
protein  precipitates  with  the  serum  of  SV40  tumor  bearing  hamsters  from  all 
SV40  transformed  cells.   Tryptic  peptide  analysis  (with  D.  Simmons  and  M. 
Martin)  revealed  that  this  protein  is  not  encoded  by  the  SV40  DNA,  but  it  is 
a  product  of  a  (induced)  cellular  gene(s).   The  56,000  MW  protein  has  similar 
two  dimensional  ^g-mgthionine  labelled  peptides  (22-23)  from  mice  and  rat, 
but  somewhat  different  (8  new,  14-15  common  peptides)  from  human  cells  after 
the  SV40  transformation.   Thus  an  evolutionary  conserved  host  protein  is 
induced  in  SV40  transformation.   This  protein,  first  observed  by  us,  now 
attracts  much  interest  in  many  laboratories.   It  apparently  interacts  with 
the  SV40  T  antigen,  therefore  it  may  have  a  role  in  control  of  the  expression 
of  those  phenotypic  properties  (cf.  induced  DNA  synthesis)  T  antigen  is  known 
for,  and  thereby  may  alter  cell  growth  properties  in  vitro. 

As  we  have  extensive  collection  of  cloned  cells  from  well  pedigreed 
families  with  known  and  differing  tumorigenicity  (see  below)  we  could 
determine  that  the  synthesis  of  the  56,000  MW  protein  is  not  a  universal 
correlate  of  cellular  tumorigenicity:   many  highly  sarcomagenic 
(TD5q  -10^  cells/mouse)  spontaneously  transformed  mouse  clonal  and  tumor  cell 
lines  were  tested,  and  none  of  them  synthesized  the  56,000  MW  protein. 
Therefore,  the  55,000  MW  protein  is  not  a  general  marker  of  mouse  tumor 
(sarcoma)  cells. 

Recently  it  was  found  by  others  that  the  same  or  a  similar  55,000  MW 
protein  is  also  synthesized  in  embryonal  carcinoma  cells  which  were  not  trans- 
formed by  SV40.   With  K.  Chandrasekaran  we  undertook  to  determine  if  the 
55,000  MW  protein  is  present  in  mouse  fetus.   After  much  difficulty,  owing  to 


608 


Z01  CB-05526-12   I 

scarcity  of  the  materials,  we  indeed  demonstrated  that  the  55,000  MW  protein 
is  indeed  present  (induced)  in  certain  stages  of  embryonal  development  in 
certain  cells.   Ten  to  14  day  old  mouse  embryo  primaries  (but  not  secondaries) 
synthesize  the  protein,  but  not  16  or  17  day  old  mouse  embryo  primaries. -  The 
protein  is  also  made  in  12  day  old  mouse  liver  cells,  labelled  in  tissue 
slices.   We  have  not  been  able  to  show  it  in  embryo  membranes.   Immunologic 
cross  reactivities  between  embryo  cells  and  SV40  transformed  cells  were 
observed  before  by  others.   Our  finding  probably  provides  the  molecular  basis 
of  these  observations;  it  also  allows  to  extend  molecular  techniques  and 
reagents  which  were  developed  in  the  SV40  field,  to  study  molecular  changes 
in  embryology.   We  have  shown  that  the  56,000  MW  protein  also  occurs  on  the 
cell  surface,  and  that  a  monoclonal  antibody  from  a  hybridoma  from  SV40 
transformed  cells  (obtained  from  Dr.  Gurney,  University  of  Utah)  indeed  inter- 
acts and  precipitates  the  56,000  MW  protein  from  a  12  day  embryo.   Partial 
proteolytic  peptides  ("Cleveland"  patterns)  are  identical  from  the  SV40 
induced  protein  and  from  the  protein  from  embryos.   We  are  now  attempting  to 
determine  which  particular  cells,  and  under  what  earlier  stages  of  embryo- 
genesis  are  synthesizing  this  protein. 

V.   Development  of  Cell  Families  for  Genetic  Analysis  of  Transformation 
to  Malignancy.   It  became  evident  to  me  (P.  T.  Mora)  that  a  carefully  thought 
out  approach  for  genetic  analysis  to  malignancy  requires  at  least  two  pre- 
requisites:  1)  Several  carefully  developed  closed  families  of  cloned  mouse 
cells  and  derivative  tumor  lines  and  clones  with  accurate  pedigrees,  and  with 
known  large  differences  in  tumorigenicity  in  the  syngeneic  and  in  the  nude 
(immunologically  impaired)  mice;  2)  Development  of  appropriate  mutants  and 
genetic  hybrids.   I  have  spent  a  year  at  Oxford,  dividing  my  time  between  the 
Biochemistry,  Genetics  and  Pathology  Departments  (Departments  of  R.  Porter, 
W.  Bodmer  and  H.  Harris,  respectively),  where  I  could  gain  the  appropriate 
training  in  protein  chemistry,  in  formal  genetic  analysis,  and  application  of 
a  type  of  genetic  analysis  by  one  technique:  cell  hybridization.   Meanwhile 
.here  at  NIH,  Vivian  McFarland  continued  to  collect  the  carefully  matched 
derivative  clonal  lines  and  tumor  cell  lines,  and  continued  their  characteri- 
zation in  vitro  and  in  vivo.   Now  we  have  three  large  families  of  mouse  cells 
two  from  AL/N  and  one  from  Balb/c  embryos.   Each  family  has  30-60  cloned 
members  with  linear  descendency,  with  very  careful  pedigree.   Selection  of 
certain  members  was  through  passage  as  tumor  lines,  others  by  transformation 
by  SV40  then  followed  by  tumor  passage.   From  large  number  (10')  of  cloned 
non-tumorigenic  mouse  embryo  cells  many  highly  tumorigenic  (TD^_  -10^) 
tumor  cell  lines  were  obtained  in  independent  experiments.   These  tumor  lines 
retain  their  high  tumorigenicity,  and  represent  selection  (for  tumorigenicity) 
of  rare  variant  (mutant?)  cells.   The  reestablished  tumor  cell  lines  and  the 
clones  provide  an  unmatched  collection  of  related  cells  ready  for  genetic 
analyses.  We  are  now  in  the  process  of  selecting  the  most  pertinent  genetic 
experiments  to  see  if  DNA  extracts  and  the  transfection  technique  of  Graham 
and  Van  der  Eb  transfers  the  malignant  phenotype  to  non-malignant  receptor 
cells.   Such  careful  and  comprehensive  approach,  potentially  combined  with 
DNA  cloning,  is  hoped  to  define  the  transforming  allele(s).   In  the 
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cloning  experiments  we  have  received  interest  for  collaboration  from  others 
(cf.  R.  A.  Weinberg,  MIT)  who  began  cloning  transforming  alleles  from  RNA 
virus  or  chemically  transformed  mouse  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Studies  of  biochemical  changes  in  cells,  particularly  in  the  cell  surface, 
which  relate  to  acquisition  of  tumorigenic  potential  caused  by  some  rare 
event,  such  as  somatic  mutation,  and  the  studies  on  immunologic  recognition 
and  rejection  in  vivo  are  of  interest,  especially  when  they  may  lead  to 
understanding  of  the  changes  in  molecular  mechanism  which  appears  to  be 
reducible  to  heritable  changes  of  control  processes  on  the  DNA  level. 

Proposed  Course  of  the  Project:   Attempts  will  be  continued  to  further  clari- 
fy the  relevance  of  the  various  changes  in  cell  membrane  biochemistry, 
especially  in  the  heparan  and  chondroitin  sulfates,  to  spontaneous  and  to 
viral  induced  transformation  of  cells.   We  also  plan  to  relate  these  changes 
to  phenotypic  changes  in  cell  immunogenicity  and  in  tumorigenicity  in  various 
syngeneic  and  nude  mouse  systems.   Studies  on  the  molecular  level  will  also 
include  regulatory  events  which  may  be  due  to  association  of  the  SV40  A  gene 
product  with  selective  (e.g.  nuclear  membrane  associated)  portions  of  the 
cellular  DNA.   We  will  further  study  1)  the  relationship  between  SV40  TSTA 
and  the  cell  surface,  2)  control  of  gene  expression  for  the  newly  discovered 
56K  protein  and  its  relation  to  transformation  and  its  role  in  embryogenesis, 
3)  the  basis  for  the  interaction  of  the  56K  cellular  protein  with  the  various 
antisera,  including  monoclonal  hybridoma  sera,  5)  we  will  also  attempt 
isolation  of  the  transforming  allele(s).   We  hope  that  the  information  and 
methodology  developed  in  the  mouse  system  will  be  of  use  in  studies  on 
human  tumor  cells. 
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Project  Description 

Objectives:   As  part  of  a  study  of  surface  changes  in  transformed  cells  we 
wished  to  develop  and  improve  methods  to  isolate  cell  surface  membranes  and 
other  new  antigenic  proteins,  to  compare  those  isolated  from  normal,  spon- 
taneous, and  viral  transformed  cloned  and  mass  cell  lines;  and  to  solubilize 
and  characterize  the  antigens  from  SV40  transformed  cells  and  investigate 
their  interrelationships. 

Methods  Employed:   Tissue  culture  cell  cultivation,  infection  with  SV40  virus, 
cell  cloning  procedures,  polyacrylamide  gel  electrophoresis,  column  chroma- 
tography, ultracentrifugation,  2-dimensional  thin-layer  electrophoresis  and 
chromatography,  various  immunological  assays  to  detect  tumor  antigens. 

Major  Findings:   To  obtain  sufficient  quantities  of  the  virus-coded  94,000 
and  of  the  host-coded  56,000  molecular  weight  proteins  (94K  and  56K, 
respectively)  for  further  study,   we  investigated  the  fractionation  of  these 
SV40  anti-T  antigen  serum  reactive  species.   These  antigens  always  co- 
precipitate  from  extracts  of  SV40  transformed  cells  following  treatment  with 
serum  from  hamsters  bearing  SV40-induced  tumors  (anti-T  antigen  serum) . 
Radioactivie  whole  cell  extracts  were  prepared  and  fractionated  according  to 
molecular  size  by  sedimentation  through  sucrose  density  gradients.   The 
distribution  of  anti-T  antigen  serum  specific  94K  and  56K  species  in  each 
fraction  from  the  gradient  was  determined  by  radioimmunoprecipitation  assays 
and  SDS-polyacrylamide  gel  electrophoresis  (SDS-PAGE)  .   Alternatively,  the 
labelled  whole  cell  extracts  were  subjected  to  immunoprecipitation  first  and 
the  precipitates  then  subjected  to  sucrose  density  gradient  centrifugation 
followed  by  SDS-PAGE  analysis.   It  became  clear  that  this  procedure  was 
limited  in  the  quantity  of  material  which  could  be  processed  in  the  labora- 
tory, and  this  approach  to  procuring  purified  94K  and  56K  species  was  not 
further  pursued. 

It  was  clear,  however,  that  these  proteins  sediment  farther  in  the 
centrifuge  tube  than  expected  for  such  relatively  small  molecules.   More 
careful  experiments ,  carried  out  to  determine  the  distributions  and  molecular 
weights  of  species  in  the  gradient,  revealed  species  from  the  solubilized 
immunoprecipitates  of  molecular  weight  475,000,  360,000,  and  78,000.   SDS- 
PAGE  analysis  revealed  that  fractions  from  these  regions  of  the  sedimentation 
gradient  contained  only  94K  and  56K  proteins,  as  well  as  the  SV40  small 
t  antigen  (19,000  dalton)  in  the  upper  portion  of  the  gradient.   These 
experiments  provide  evidence  for  the  association  of  the  94K  and  the  56K 
species  (as  well  as  of  the  19K  species)  in  extracts  from  these  SV40  trans- 
formed cells. 

Experiments  were  previously  carried  out  to  determine  the  subcellular 
distribution  of  anti-T  antigen  serum  reactive  species  present  in  SV40  trans- 
formed tissue  culture  cell  lines.   Surface  membrane,  cytoplasm,  and  nuclei 
were  obtained  in  separate  fractions  from  cells  labelled  with  35g_methionine 
and  their  antiserum  specific  species  then  extracted  and  analyzed.   Pursuing 
this  work,  an  attempt  was  made  to  better  characterize  the  subcellular 
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fractions  and  evaluate  more  carefully  their  degree  of  cross-contamination. 
Such  fractions  were  prepared  and  assayed  for  Na-K  ATPase  and  5 '-nucleotidase 
activities  (markers  of  surface  membrane) ,  and  NADH-cytochrome  c  reductase 
activity  (mitochondrial  marker).   Cells  labelled  with  %-thymidine  (marker 
for  nuclei) ,  or  by  lactoperoxidase  catalyzed  iodination  of  the  intact  cell 
surface,  were  fractionated  and  the  amount  of  test  activity  in  each  fraction 
was  determined.   These  experiments  all  suffered  in  varying  degrees  from  in- 
terference by  the  high  concentrations  of  SDS,  Triton  X-100,  and  deoxycholate 
present  in  the  buffers  of  all  the  cell  fractions,  causing  unwanted  precipi- 
tation, solubilization,  and/or  quenching.   This  line  of  work  was  therefore 
not  pursued. 

To  further  characterize  the  94K  and  56K  anti-T  antigen  serum  reactive 
species  separated  by  the  SDS-PAGE  we  have  been  developing  both  1-  and  2- 
dimensional  peptide  analysis  techniques.   One  dimensional  analysis  was  per- 
formed by  the  method  of  Cleveland  et  al . ,  (J.  Biol.  Chem.  252:   1102-1106, 
1977).   Pieces  of  gel  which  contain  one  of  the  proteins  of  interest  were 
excised  from  the  SDS-PAGE  slab  gel,  and  placed  together  with  an  appropriate 
dilution  of  protease  in  the  well  of  another  slab  gel  and  electrophoresed,  to 
produce  "fingerprint"  patterns  of  the  separated  peptide  species  in  the 
partial  hydrolyzates.   Capability  for  two  dimensional  analysis  is  being 
developed  in  collaboration  with  Dr.  Dan  Simmons  (University  of  Delaware). 
These  analyses  are  performed  following  methods  in  the  literature.   Protein 
was  eluted  from  the  gel  bands  at  the  94K  and  56K  regions,  concentrated, 
treated  with  performic  acid  and  trypsin,  electrophoresed  on  a  thin-layer 
cellulose  acetate  sheet,  then  chromatographed  in  a  direction  perpendicular 
to  that  of  the  electrophoresis.   Peptide  patterns  have  been  obtained  for  both 
molecular  weight  species.   Such  patterns  will  be  obtained  from  various  cell 
lines  for  comparison.   This  work  is  currently  in  progress. 

To  identify  the  surface  proteins  on  SV40  transformed  cloned  mouse  cells, 
T  antigen  positive,  35g-labelled  215CSC  cells  were  treated  with  increasing 
concentrations  of  the  proteolytic  enzyme,  trypsin.   The  cells  were  pelleted, 
solubilized,  immunoprecipitated ,  and  analyzed  by  SDS-PAGE.   The  results 
showed  that  both  56K  and  94K  antigens  were  degraded,  indicating  the  presence 
of  both  species  on  the  cell  surface.   Lactoperoxidase  catalyzed  iodination 
of  the  cell  surface  (from  the  "outside")  was  used  to  identify  iodinatable 
surface  proteins  of  the  cloned  parental  210C  and  the  SV40  transformed 
derivative  cloned  215CSC  intact  cells.   Immunoprecipitation  of  215CSC  cell  ex- 
tracts following  such  cell  surface  iodination  showed  the  presence  of  both 
56K  and  94K  iodinated  proteins.   Both  94K  and  56K  proteins  were  found  to  be 
degraded  if  the  intact  215CSC  cells  were  trypsinized  following  iodination, 
as  these  proteins  were  then  not  detected  by  immunoprecipitation.   Analysis 
of  iodinated  210C  cells  failed  to  show  these  proteins. 

Our  earlier  results  showed  that  there  were  significant  differences  in 
the  thermal  stability  of  the  56K  cellular  protein  and  the  large  T  antigen 
when  whole  cell  extracts  were  heated  at  50°  for  2  hrs.   The  capacity  of  the 
large  T  antigen  to  interact  with  the  antibody  molecule (s)  in  the  SV40  anti- 
T  antigen  hamster  serum  was  lost  after  such  heat  treatment  of  the  whole  cell 
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extract.   This  lability  contrasts  with  the  heat  stability  in  SDS  of  the  gel 
purified  large  T  antigen.   After  heating,  the  latter  retained  its  ability 
to  precipitate  with  the  same  antiserum  in  a  direct  binding  radio immune  assay, 
in  a  manner  similar  to  that  of  the  gel  purified  56K  cellular  protein.   Thus, 
in  the  whole  cell  extract  SV40  large  T  antigen  appears  to  be  less  stable  to 
heat  treatment  than  in  the  immune  precipitate.   However,  after  heat  treatment 
(50°,  2  hr.)  of  the  whole  cell  extract  the  56K  cellular  protein  retains  its 
ability  to  precipitate  with  antibody (s)  in  the  serum  from  SV40  tumor  bearing 
hamsters.   The  independent  precipitation  of  the  56K  protein,  in  the  absence 
of  precipitation  of  large  T  antigen,  shows  that  there  is  no  substantial 
amount  of  56K  protein  which  remained  complexed  with  SV40  large  T  antigen  in" 
the  heat-treated  extract.   As  the  56K  cellular  protein  does  not  seem  to  have 
amino  acid  homology  with  the  SV40  coded  large  T  antigen,  it  is  likely  that 
the  precipitation  of  the  56K  cellular  protein  occurs  in  the  heat-treated 
extract  through  interaction  with  an  antibody  molecule (s)  which  is  independent 
of  the  antibody  molecule (s)  produced  against  SV40  large  T  antigen.   If  this 
is  the  case  the  56K  protein  must  act  as  an  immunogen  in  SV40  tumor  bearing 
animals,  or  in  animals  (hamster,  mouse,  rat)  immunized  with  SV40  transformed 
cells.   Among  the  antibodies  contained  in  the  SV40  tumor  serum  some  must 
react  specifically  with  the  T  antigen  and  some  with  the  56K  protein.   This 
is  further  confirmed  by  experiments  of  others,  in  which  antiserum  produced 
against  gel  purified  56K  protein  specifically  precipitated  this  purified 
protein  and  not  the  purified  large  T  antigen. 

As  the  56K  cellular  antigen  occurs  in  considerable  amounts  on  the  cell 
surface,  and  because  it  is  apparently  expressed  as  an  immunogenic  protein  in 
the  SV40  induced  tumors  of  hamsters,  more  careful  immunological  and  chemical 
characterization  of  this  molecule  is  required.   Such  experiments  are  in 
progress. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
properties  of  the  cell  surface,  its  chemical  composition,  structure  and 
antigenic  determinants  exert  important  influences  upon  cell  growth  charac- 
teristics and  the  ability  of  certain  cells  to  form  tumors  or  to  be  rejected 
by  the  host.   Studies  of  cell  surface  biochemical  changes  which  relate  to 
acquisition  and  expression  of  tumorigenic  potential  or  to  immunologic  recog- 
nition and  rejection  in  vivo  are  therefore  of  particular  interest.   We  have 
the  anti-T  antigen  serum  specific  proteins  available  for  further  study  and 
can  explore  the  synthesis,  properties,  and  relationships  of  the  cellular  56K 
protein  and  the  94K  viral  protein,  as  well  as  the  molecular  nature  of  these 
antigens,  their  possible  interrelationships,  and  their  sites  of  action  in 
the  cell. 

Proposed  Course  of  the  Project:   Attempts  will  be  made  to  fractionate  the 
antigen  species,  to  obtain  each  free  of  the  others  and  not  denatured  by  high 
concentrations  of  detergent,  urea  or  other  denaturing  solvent.   Purified 
antigen  preparations  will  be  used  to  raise  antibody  for  the  preparation  of 
affinity  columns  to  more  rapidly  and  quantitatively  prepare  these  antigens 
for  further  study.   We  will  survey  other  cells  for  these  antigens.   In  the 
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light  of  their  co-purification,  we  will  attempt  to  understand  tha  interrela- 
tionships of  these  early  SV40  induced  antigens  by  investigating  events  leading 
to  their  synthesis  and  possible  processing,  and  their  possible  function  in 
the  cell  -  with  particular  emphasis  on  the  56K  protein.   We  will  attempt  to 
better  understand  the  relevance  of  the  various  changes  in  cell  membrane 
biochemistry  and  immunochemistry  to  spontaneous  and  to  viral  induce  trans- 
formation of  cells. 
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Annual  Report  of  the  Laboratory  of  Imraunodiagnosis, 
National  Cancer  Institute 

October  1,  1979  -  September  30,  1980 

This  report  summarizes  the  activities  of  the  Laboratory  of  Immunodiag- 
nosis  for  its  fifth  full  year,  since  its  initiation  in  December,  1974.  The 
research  activities  of  the  Laboratory  of  Immunodiagnosis  can  be  divided  into 
four  main  areas:  Role  of  natural  and  induced  effector  and  suppressor  cells  in 
resistance  against  cancer;  Cell-mediated  immunity  against  tumor  associated  and 
other  antigens;  Immunochemical  studies  of  tumor  associated  antigens;  and 
Application  of  immunologic  procedures  to  clinical  problems  of  cancer  patients. 
The  main  objective  of  all  these  studies  is  the  application  of  the  research 
information  to  the  diagnosis  of  cancer  and  the  monitoring  of  disease  in  tumor 
bearing  individuals.  Each  of  the  areas  of  research  in  this  laboratory  has  been 
highly  productive  during  the  past  year:  There  have  been  extensive  studies  on 
natural  killer  (NK)  cells,  with  emphasis  on  the  characteristics  of  these  cells 
and  their  in  vivo  role  in  resistance  against  tumor  growth.  A  major  finding  has 
been  that  large  granular  lymphocytes  are  responsible  for  human  and  rat  NK  and 
antibody-dependent  cell-mediated  cytotoxic  (ADCC)  activity.  New  information 
has  been  obtained  on  genetic  factors  regulating  the  expression  of  NK  activity 
in  mice.  Further  evidence  also  accumulated  in  support  of  an  in  vivo  role  of  NK 
cells,  with  an  association  of  depressed  NK  activity  with  treatment  by  a  carcin- 
ogen or  a  tumor  promoter.  Appreciable  progress  has  continued  regarding  cyto- 
toxicity by  macrophages  and  monocytes,  and  the  processes  involved  in  activa- 
tion of  macrophages  and  their  suppressor  activity.  There  have  been  several 
findings  of  clinical  relevance:  Our  radioimmunoassay  for  a  human  lung  tumor 
associated  antigen  has  been  able  to  detect  elevated  serum  levels  in  the  majori- 
ty of  tumor-bearing  lung  cancer  patients,  with  elevation  correlated  with 
disease  activity.  In  studies  on  postoperative  breast  cancer  patients,  low  or 
negative  reactivity  in  mixed  lymphocyte-tumor  interaction  has  been  associated 
with  significantly  more  rapid  recurrence  of  disease.  Decreased  cytostatic 
activity  by  granulocytes  has  been  seen  in  tumor-bearing  patients,  whereas 
cancer  patients  without  evident  disease  or  patients  with  benign  diseases  had 
activity  in  the  normal  range. 

The  major  organizational  change  in  LID  has  been  the  move  of  about  half  of 
■the  laboratory  personnel  from  Bldg.  8  to  Bldg.  10,  with  consequent  consolida- 
tion, for  the  first  time,  of  all  LID  staff  in  the  same  area.  This  has  resulted 
in  a  substantial  improvement  in  communication  and  interactions  among  the 
scientific  personnel,  which  more  than  offset  some  problems  in  adjusting  to  the 
new,  more  crowded,  physical  conditions. 

The  only  major  change,  in  senior  personnel  within  LID,  was  the  departure 
of  Dr.  James  McCoy,  who  transferred  to  the  Toxicology  Program  of  NCI.  Respon- 
sibility for  his  research  area  was  assumed  by  Dr.  Annette  Maluish,  who  had  an 
extensive  background  in  clinical  research  on  lymphokines.  During  the  past 
year,  several  highly  experienced  Visiting  Scientists  and  Guest  Workers  joined 
the  laboratory  and  their  backgrounds  and  interests  have  had  a  major  impact  on 
some  of  the  research  directions. 
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There  has  also  been  a  major  change  in  the  contract  for  support  of  the 
clinical  research  activities  of  LID.  The  longstanding  contract  with  Litton 
Bionetics  was  terminated  and  has  been  replaced  by  a  substantially  smaller 
contract  with  the  Naval  Medical  Research  Institute.  This  has  allowed  us  to  set 
up  a  laboratory,  for  clinical  assays  of  cell-mediated  immunity,  at  the  Uniform- 
ed Services  University  of  Health  Sciences  and  has  resulted  in  much  greater 
efficiency  and  interaction  with  LID  staff. 

Some  Highlights  of  Achievements  in  the  Last  Year: 

I.   Role  of  Natural  and  Induced  Effector  and  Suppressor  Cells  in  Resistance 
Against  Cancer 

We  have  continued  to  perform  extensive  studies  on  natural  cell-mediated 
immunity  against  tumor  cells.  During  the  past  year,  our  studies  have  focused 
primarily  on  the  following  areas:  a)  the  characteristics  of  NK  cells;  b)  the 
specificity  of  NK  cells;  c)  factors  and  agents  affecting  the  levels  of  cytotox- 
ic activity;  and  d)  the  relationship  of  NK  activity  to  in  vivo  resistance 
against  tumor  growth.  In  addition,  studies  have  been  performed  on  the  cytotox- 
ic activity  of  granulocytes  from  normal  donors. 

A  major  advance  in  the  characterization  of  human  NK  cells  has  resulted 
from  clear  evidence  for  their  close  association  with  large  granular  lympho- 
cytes (LGL),  a  subpopulation  of  lymphoid  cells  that  has  distinctive  morphol- 
ogy. These  LGL  had  indented  nuclei,  pale-staining  cytoplasm  containing  large, 
azurophilic  granules,  and  it  was  possible  to  enrich  for  such  cells  by  centri- 
fugation  on  discontinuous  Percoll  density  gradients.  It  has  been  possible  to 
consistently  prepare  fractions,  consisting  of  70-80?  LGL  and  with  almost  all  of 
the  NK  and  antibody-dependent  cell-mediated  cytotoxic  (ADCC)  activities  of  the 
PBL,  yet  comprising  only  10-15?  of  the  input  PBL.  Virtually  all  LGL  have  been 
found  to  have  Fc  receptors  for  IgG  (Fc  R)  and  thereby  adhere  to  immune  complex 
monolayers.  By  further  separation  of^LGL-containing  fractions,  by  adherence 
to  immune  complex  monolayers  or  by  removal  of  29°  E-rosette-forming  cells,  it 
has  been  possible  to  prepare  subpopulations  containing  90-95?  LGL  and  highly 
enriched  for  NK  and  ADCC.  A  further  useful  aspect  to  the  characterization  has 
been  the  observation  that  the  majority  of  LGL  form  conjugates  with  K562,  a 
highly  NK-sensitive  target  cell.  While  some  cells  in  other  Percoll  fractions 
also  formed  conjugates,  they  were  not  LGL,  lacked  Fc  R  and  did  not  have  associ- 
ated NK  activity. 

LGLs  have  also  been  detected  in  the  spleen  and  PBL  of  rats  and,  by  a 
slight  modification  of  the  Percoll  gradients,  it  has  been  possible  to  obtain 
fractions  enriched  for  LGL.  As  with  human  PBL,  most  rat  NK  activity  has  been 
found  to  be  associated  with  LGL.  Of  considerable  interest,  nude  athymic  rats 
have  been  found  to  have  increased  percentages  of  LGL,  especially  among  non- 
adherent PBL. 

The  ability  of  NK  cells  to  recognize  specific  antigens  on  certain  target 
cells  has  remained  a  difficult  and  controversial  question.  To  examine  this 
question  in  more  detail,  we  have  performed  selective  adsorptions  of  human  NK 
cells  on  monolayers  of  various  targets,  and  have  obtained  direct  evidence  for 
some  heterogeneity  of  human  NK  cells.  This  suggests  that  there  are  subpopula 
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tions   or  clones  of  NK  cells,  with  the  ability  to  react  against  various 
restricted  specificities. 

It  has  been  well  documented  that  interferon  (IF)  is  the  major  mediator  of 
activation  or  augmentation  of  NK  activity.  To  determine  whether  this  was  a 
unique  or  general  characteristic,  during  this  past  year  we  have  examined  the 
spectrum  of  activity  of  IF  on  other  types  of  cytotoxic  effector  cells.  IF 
could  augment  human  ADCC,  the  cytolytic  activity  of  human  monocytes,  and 
lectin-induced  cell-mediated'  cytotoxicity  by  T  cells.  In  contrast  to  these 
positive  effects  of  IF,  IF  had  no  effect  on  the  activity  of  cytotoxic  T  cells 
that  were  generated  in  mixed  leukocyte  culture.  There  was  also  no  boosting 
effect  on  granulocyte-mediated  cytostasis. 

In  mice,  multiple  genes  control  the  expression  of  NK  activity  and  experi- 
ments have  been  initiated  to  study  the  interactions  among  some  of  these  genes. 
F  hybrids  between  strains  of  mice  that  have  low  NK  activity  generally  have 
intermediate  to  high  NK  activity.  However,  (SJL/J  x  A/J)F.  mice  had  low  NK 
activity,  suggesting  that  these  strains  share  some  genes  that  code  for  factors 
resulting  in  low  NK  activity.  Further  testing  on  the  F  progeny  suggested  that 
one  gene  is  responsible  for  this  low  activity  and  attempts  are  now  in  progress 
to  place  this  gene  on  other  backgrounds,  to  produce  congenic  mice  with  high  and 
low  NK  activity. 

We  have  examined  the  possible  mechanism  for  low  NK  activity  in  SJL  mice. 
These  mice  do  not  appear  to  have  an  intrinsic  deficit  in  NK  cells  but  rather 
have  some  inhibitory  or  suppressor  mechanism.  Adherent  spleen  cells  from  SJL 
mice,  but  not  from  other  strains,  inhibited  NK  activity.  The  suppression 
appeared  to  be  due  to  release  of  soluble  factors,  since  culture  supernatants 
from  adherent  SJL  spleen  cells,  and  also  cell-free  homogenates,  were  inhibi- 
tory. 

Beige  mice  represent  another  mouse  strain  with  low  NK  activity,  and  their 
deficit  appears  to  be  due  to  a  defect  in  the  lytic  machinery  of  their  NK  cells. 
Since  the  abnormalities  in  these  mice  appear  to  be  analogous  to  those  found  in 
patients  with  Chediak-Higashi  syndrome,  it  was  of  interest  to  study  two  NIH 
patients  with  this  disease.  Both  patients  were  found  to  have  a  profound 
deficit  in  spontaneous  NK  activity  and  ADCC,  and  after  treatment  of  their  PBL 
with  IF,  only  a  modest  increase  in  activity  was  seen.  The  patients  appeared  to 
have  normal  numbers  of  LGL,  that  formed  conjugates  with  K562,  but  had  abnormal 
granules.  In  contrast  to  the  depressed  NK  activity,  cytotoxicity  by  monocytes, 
granulocytes  and  T  cells  appeared  to  be  within  the  normal  range. 

NK  activity  has  been  examined  in  mice  after  treatment  with  urethane,  a 
carcinogen  that  induces  lung  adenomas.  The  experiments  were  done  with  A/He  J 
mice,  a  strain  with  low  activity  and  high  susceptibility  to  the  carcinogenic 
effects  of  urethane.  Urethane  was  found  to  cause  a  biphasic  decrease  in  NK 
activity,  first  at  1-4  days  after  treatment  and  then  at  7-10  days  and  persist- 
ing for  at  least  2  weeks.  In  contrast,  C57BL/6  mice,  that  are  relatively 
resistant  to  the  carcinogenic  effects,  showed  little  depression  of  NK  activi- 
ty. 
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C.  parvum  can  either  augment  of  suppress  murine  NK  activity  depending  on 
the  route  of  injection  and  the  time  after  administration.  Three  days  after  ip 
injection  of  C.  parvum  strain  6 1 3^  or  4182,  or  after  overnight  incubation  in 
vitro,  augmentation  was  observed.  Fourteen  days  after  iv  injection  of  6134, 
but  not  4 182,  there  was  a  marked  depression  of  NK  activity  that  could  not  be 
overcome  with  in  vitro  treatment  with  IF  or  in  vivo  boosting  with  agents  that 
augment  NK  activity.  Hence  there  was  a  dissociation  between  the  effects  of 
these  two  strains  of  C.  parvum  on  NK  activity.  A  similar  dichotomy  was 
observed  with  chemically  modified  C.  parvum,  strain  6134.  HCl-modified  C. 
parvum  retained  its  ability  to  augment  NK  activity  in  vitro  and  in  vivo  but 
lost  its  ability  to  suppress  this  activity. 

A  variety  of  antibodies,  that  appeared  to  react  with  cell  surface  antigens 
on  NK  cells,  caused  augmentation  of  NK  activity.  Some  lectins,  including  Helix 
pomatia,  peanut  agglutinin,  soy  bean  agglutinin,  and  phytohemagglutinin  also 
caused  enhanced  activity.  Several  types  of  experiments  indicated  that  IF  did 
not  play  a  role  in  this  boosting. 

During  this  past  year,  studies  were  initiated  to  examine  the  role  of 
phospholipid  methylation  in  cell-cell  interaction  and  cytolysis  by  NK  cells. 
These  have  indicated  a  significant  role  for  phopholipid  methylation  in  the 
activity  of  natural  killer  (NK)  cells.  Interaction  of  peripheral  blood  cells 
with  susceptible  tumor  lines  led  to  increased  phospholipid  methylation  during 
the  early  stages  of  cell-cell  contact.  Degradation  of  phopholipids,  primarily 
via  the  phospholipase  A_  pathway,  appeared  to  play  a  central  role  in  initiation 
of  the  cytolytic  process  since  it  was  observed  that  radiolabeled  phopholipid 
moieties  could  be  released  from  the  2-  positon  of  phosphatidyl  choline  located 
within  the  membrane  of  tumor  cell  lines,  during  a  brief  period  of  interaction 
with  peripheral  blood  cells.  Specific  inhibition  of  phospholipid  methylation, 
by  drugs  which  interfere  with  methyl-group  donation  by  S-adenosyl  methionine 
(3-deazaadenosine,  adenosine  and  homosysteine,  etc.)  at  doses  where  other 
(protein  and  nucleic  acid)  methylation  reactions  were  unimpeded  lent  strong 
support  to  these  initial  findings.  Inhibitors  of  phospholipase  A  activity, 
such  as  quinacrine,  tetracaine,  and  corticosteroids,  were  also  shown  to 
inhibit  natural  killer  function.  Alkyl  phospholipids  were  found  to  promote 
natural  killing  and  monocyte-mediated  cytoxtasis. 

In  related  studies,  IF  was  shown  to  decrease  the  rate  of  phospholipid 
methylation  in  intact  peripheral  blood  mononuclear  cells.  Preliminary  experi- 
ments showed  this  to  be  a  result  of  increased  catabolism  of  phosholipids, 
rather  than  diminished  synthesis  alone. 

In  addition  to  previous  correlations  between  levels  of  NK  activity  and 
resistance  to  growth  of  some  transplanted  tumors,  we  have  recently  obtained 
more  direct  evidence  for  an  important  role  of  NK  cells  in  vivo.  It  has  been 
possible  to  measure  rapid  in  vivo  destruction  of  tumor  cells,  by  inoculation 
intravenously  with  I-iodo-deoxyuridine  labeled  tumor  cells  and  measurement 
of  isotope  remaining  in  the  lungs  and  other  organs  after  2—4  hrs.  There  was 
substantially  greater  clearance  of  radiolabeled  cells  in  mice  with  high  NK 
activity  than  in  mice  with  low  activity.  Intravenous  transfer  of  normal  spleen 
or  bone  marrow  cells  has  been  able  to  restore,  at  least  in  part,  the  depressed 
NK  activity  and  in  vivo  resistance  induced  by  cyclophosphamide. 
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Radiolabeled  bone  marrow,  thymocytes  or  fetal  fibroblasts  also  were 
cleared  in  vivo  more  rapidly  in  mice  with  high  NK  activity  than  in  mice  with 
low  activity.  Stronger  activity  was  seen  against  histoincompatible  cells,  but 
NK-associated  elimination  of  syngeneic  normal  cells  also  occurred.  Thus  these 
results  confirmed  the  suggestion  that  NK  cells  may  play  a  role  in  the  differ- 
entiation or  survival  of  normal  hematopoietic  cells  as  well  as  of  neoplastic 
cells. 

A  similar  in  vivo  assay,  that  allows  kinetic  measurements  of  in  vivo 
clearance  of  tumor  cells  from  individual  mice  has  been  developed.  Radiolabeled 
tumor  cells  are  inoculated  into  the  footpads  of  mice  and  clearance  of  radio- 
activity can  be  repeatedly  measured  in  intact  animals.  Clearance  from  this 
site  has  been  slower  than  from  the  viscera,  but  after  18-24  hrs  it  has  been 
possible  to  detect  appreciable  differences  in  elimination  of  tumor  cells  from 
mice  with  high  or  low  NK  activity.  These  results  suggest  that  NK  cells  can 
enter  a  tissue  site  containing  tumor  cells  and  play  a  role  in  resisting  the 
local  growth  of  the  tumor. 

In  addition  to  our  studies  on  NK  cells,  we  have  been  interested  in  examin- 
ing the  activation  and  differentiation  of  monocytes  and  macrophages.  It 
appears  that  there  are  different  subpopulations  of  macrophages,  which  vary  in 
their  stage  of  activation  or  differentiation.  We  initiated  experiments  to 
develop  monoclonal  antibodies  against  cell  surface  antigens  on  mouse  and  human 
macrophages  in  an  attempt  to  provide  reagents  that  could  identify  subpopula- 
tions, based  on  their  antigenic  characteristics.  Two  clones,  with  selective 
anti-mouse  macrophage  activity,  have  been  extensively  studied.  One  clone 
reacted  mainly  with  pyran  or  C.  parvum  activated  peritoneal  exudate  macro- 
phages. Antibodies  from  the  other  clone,  in  the  presence  of  complement,  lysed 
a  high  proportion  of  peritoneal  exudate  cells  (both  macrophages  and  neutro- 
phils) and  some  bone  marrow  cells,  while  exhibiting  little  or  no  reactivity 
against  spleen,  lymph  node  or  thymus  cells.  When  this  clone  was  tested  for  its 
ability  to  inactivate  the  functional  activity  of  macrophages,  we  found  that 
accessary  cell  functions  in  the  lymphoproliferative  response  to  T  cell  mito- 
gens and  in  the  generation  of  cytotoxic  T  lymphocytes  were  eliminated,  while 
cytotoxic  macrophages  were  not  affected  by  the  antibody  plus  complement.  More- 
over, it  was  found  that  macrophages  responsible  for  tumor  cytotoxicity  consti- 
tute a  small  percentage  of  the  peritoneal  exudate  macrophage  populations. 

In  an  attempt  to  raise  monoclonal  antibodies  against  human  monocyte  cell 
surface  components,  we  modified  an  enzyme-linked  immunosorbent  asssay,  which 
has  allowed  detection  of  monoclonal  antibodies  with  comparable  specificity  and 
sensitivity  to  microcytotoxicity  or  radioimmunoassay  procedures.  The  first 
products  of  colonies  derived  from  fusion  products  between  mouse  immune  spleno- 
cytes  and  myeloma  cell  lines  are  being  evaluated  for  specific  monoclonal  anti- 
body production. 

Macrophage-mediated  cytotoxicity  has  been  measured  by  a  varietur  of 
assays.  We  have  recently  developed  a  short  term  (18  hr) ,  isotope  (  Cr) 
release  assay  which  can  be  used  to  measure  early  changes  in  normal  mouse 
macrophges  when  they  are  exposed  to  macrophage  activating  factor  (MAF)  in 
vitro.  Activation  by  MAF  could  only  be  detected  when  low  amounts  of  exogenous 
endotoxin  (10  ng/ml)  were  added  to  the  assay.    These  concentrations  of 
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endotoxin  were  not  sufficient  to  activate  the  macrophages  without  the  presence 
of  MAF.  The  Cr  release  assay  could  also  be  used  to  demonstrate  cytotoxicity 
of  macrophages  activated  in  vitro  by  poly  I:C,  interferon  and  LPS.  Likewise, 
macrophages  activated  in  vivo  displayed  cytotoxicity  in  this  assay  in  both 
endotoxin  low  and  normal  medium. 

An  Indium  assay  was  also  developed  for  measuring  macrophage-mediated 
cytotoxicity.  This  assay  was  found  to  have  many  advantages.  In  efficiently 
labeled  all  tumor  cells  tested  (both  adherent  and  nonadherent!  and  routinely 
the  levels  of  spontaneous  release  were  very  low.  Compared  to  Cr,  In  was 
superior  for  longer  term  assays.  In  48  or  72  hr  In  assays,  several  adherent 
and  nonadherent  targets  which  exhibited  little  or  no  susceptibility  to  lysis 
after  18  hr  of  incubation,  were  shown  to  be  sensitive  to  macrophage-mediated 
cytotoxicity.  Thus,  In  was  useful  in  both  short  and  long  term  assays  and 
therefore  is  applicable  for  a  wider  variety  of  targets  than  other  isotopes.  In 
addition,  In  labeled  targets  allow  detailed  studies  on  the  early  and  late 
events  in  the  activation  of  macrophages  by  a  variety  of  agents. 

Functional  evaluation  of  human  monocytes,  isolated  from  the  peripheral 
blood  of  normal  donors  by  a  variety  of  techniques  was  carried  out  in  a  growth 
inhibitory  assay  (GIA).  IF,  previously  shown  to  be  effective  in  boosting  lytic 
capacity  of  monocytes  as  well  as  lymphocytes,  failed  to  consistently  show 
significant  enhancement  of  cytostatic  function.  Neither  inhibitors  of  prosta- 
glandin synthesis  nor  exogenous  prostaglandins  showed  effects,  despite  known 
involvement  of  prostaglandins  in  the  mediation  of  various  monocyte  functions. 
Corticosteroids  were  also  without  effect  in  vitro.  Some  indication  was  obtain- 
ed for  a  role  of  phorbol  ester  in  augmenting  human  monocyte  GIA.  This  was  of 
particular  interest  since  this  compound  strongly  inhibited  mouse  and  human  NK 
activity. 

We  previously  obtained  evidence  that  granulocytes  from  normal  human 
donors  could  strongly  inhibit  the  growth  in  vitro  of  a  wide  variety  of  tissue 
culture  cell  lines.  Most  cancer  patients  with  active  disease  had  depressed 
activity.  In  a  coded  prospective  study,  it  was  possible  to  distinguish  the 
cells  from  most  tumor-bearing  cancer  patients  from  those  of  normal  controls. 
In  contrast,  treated  cancer  patients  with  no  evidence  of  disease  and  patients 
with  various  benign  diseases  had  cytotoxic  activity  in  the  normal  range.  It 
has  been  possible  to  isolate  a  protein  from  cancer  sera  that  appears  to  account 
for  the  inhibitory  activity. 

Our  studies  have  continued  on  the  mechanism  of  the  suppression  mediated  by 
activated  macrophages.  Not  only  did  macrophages  suppress  lymphocyte  prolifer- 
ation and  other  events  that  take  place  relatively  late  after  stimulation,  but 
also  the  production  of  lymphokines,  an  event  which  occurs  within  6-8  hours 
after  stimulation.  This  has  been  found  to  be  related  to  an  early  inhibition  of 
lymphocyte  protein  synthesis.  Therefore  reversible  and  irreversible  inhibi- 
tors of  protein  synthesis  were  employed  to  study  the  kinetics  and  types  of 
macromolecular  synthetic  events  required  for  the  production  of  migration 
inhibitory  factor  (MIF)  and  MAF  by  Con  A-stimulated  lymphocytes.  The  data 
indicate  that  a  critical  protein  is  synthesized  during  the  first  few  hours  of 
stimulation,  which  is  required  for  subsequent  production  of  lymphokines. 
After  this  special  early  requirement,  however,  continued  protein  synthesis  is 
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needed  for  lymphokine  production.  In  contrast,  the  RNA  required  for  MIF  and 
MAF  production  seemed  to  be  completely  synthesized  within  4-6  hr  after  stimu- 
lation. 

It  is  not  clear  whether  cytotoxicity  and  suppressor  activity  are  mani- 
festations of  the  same  subpopulation  of  macrophages,  at  the  same  stage  of 
activation  or  differentiation.  We  therefore  tried  to  determine  what  condi- 
tions would  be  necessary  to  activate  macrophages  in  vitro  for  each  function. 
The  requirements  for  activation  to  suppression  were  a  little  different  than  for 
activation  to  cytotoxicity,  in  that  MAF  alone  could  induce  macrophages  to  be 
suppresive,  whereas  endotoxin  was  required,  in  addition  to  MAF,  for  macro- 
phages to  become  cytotoxic.  Therefore,  it  appears  that  macrophages  do  not  have 
to  be  activated  as  much  to  be  suppressive  as  they  do  to  be  cytolytic. 

II.  Cell-mediated  Immunity  Against  Tumor  Associated  and  Other  Antigens 

As  models  for  future  studies  with  tumor  associated  antigens  and  as  basic 
studies  in  cellular  immunology,  detailed  investigations  have  been  performed 
with  continued  cultures  of  human  T  cells.  These  cultured  T  cells  (CTC)  have 
been  derived  from  fresh  peripheral  blood  mononuclear  leukocytes  (PBL)  or  from 
cultures  of  iri  vitro  sensitized  lymphocytes,  with  the  aid  of  conditioned  media 
from  phytohemagglutinin  (PHA) -stimulated  PBL,  which  contain  T-cell  growth 
factor  (TCGF).  PBL  start  to  produce  TCGF  upon  stimulation  with  PHA.  The  TCGF- 
producing  cells  were  found  to  be  T  cells.  Monocytes  were  also  required,  since 
after  a  two-step  removal  of  monocytes  by  G-10  Sephadex  and  nylon-wool  columns, 
the  remaining  T  cells  were  unable  to  produce  TCGF.  Similar  to  highly  purified 
PBL  T  cells,  CTC  also  did  not  respond  to  PHA.  We  than  examined  whether  CTC 
would  produce  TCGF  and  proliferate  upon  stimulation  with  PHA,  in  the  presence 
of  added  monocytes.  A  brisk  response,  in  terms  of  both  TCGF  production  and 
lymphoproliferation,  was  seen. 

Recent  experiments  have  pointed  to  the  presence  of  Fc  R  on  CTC.  CTC  had 
antibody-dependent  cytotoxic  activity,  that  was  inhibitable  by  protein  A  of 
Staph,  aureus.  Also,  IgG-immune  complexes  have  been  found  to  inhibit  prolifer- 
ation of  some  CTC  and  these  experiments  may  lead  to  findings  on  the  regulatory 
role  of  immune  complexes  on  T  cell  proliferation. 

CTC  also  had  high  levels  of  NK-like  cytotoxic  activity.  When  cultured  in 
the  presence  of  TCGF,  LGL  grew,  expanded  and  maintained  the  cytotoxicity 
pattern  of  NK  cells  and  were  also  active  in  ADCC.  Small  lymphocytes  also  grew, 
but  had  a  different  reactivity  with  the  target  cells  and  were  inactive  in  ADCC. 

In  order  to  get  specific  immune  CTC  against  human  tumors,  one  would  have 
to  distinguish  between  different  types  of  cytotoxicity  (e.g.  polyclonal  acti- 
vation, NK  and  K  cell  activity).  To  explore  this,  we  have  performed  cytotox- 
icity tests  with  CTC  against  three  lung  tumor  cell  lines  and  one  breast  cancer 
cell  line.  All  14-  to  28-day -old  CTC,  whether  they  originated  from  normals  or 
patients,  were  broadly  cytotoxic.  The  cytolytic  activity  of  the  CTC  was 
correlated  with  the  ability  of  such  cells  to  attach  to,  and  form  conjugates 
(rosettes)  with,  the  sensitive  targets.  Some  of  the  CTC  tested  showed  high 
levels  of  cytotoxicity  against  the  adherent  tumor  cell  lines,  while  not  react- 
ing with  the  K-562  cell  line  (our  test  for  NK  activity).  It  will  be  important 
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to  determine  the  characteristics  of  such  cells,  in  order  to  devise  strategies 
to  discriminate  and/or  separate  them  from  immune  anti-tumor  cytolytic  T 
lymphocytes. 

We  were  recently  successful  in  cloning  CTC  by  the  limiting  dilution  tech- 
nique. Clones  are  being  tested  for  cell  surface  markers,  NK  and  K  cell 
activity,  and  suppression  of  both  immunoglobulin  production  and  lymphoprolif- 
erative  responses  to  lectin.  We  expect  these  results  to  further  our  under- 
standing of  the  heterogeneity  of  CTC. 

Production  of  lymphokines  is  one  of  the  main  immunologic  fuctions  of 
activated  or  immune  T  cells.  A  series  of  studies  have  been  performed  to  better 
define  the  conditions  for  production  of  lymphokines  and  to  develop  better,  more 
quantitative  and  sensitive  techniques  for  their  measurement. 

Human  leukocyte  adherence  inhibitory  factor  (LAIF)  and  leukocyte  migra- 
tion inhibitory  factor  (LIF)  have  been  shown  to  be  produced  by  sensitized  T 
lymphocytes  in  response  to  antigen.  We  previously  showed  that  human  LIF  was 
produced  in  high  titers  by  cells  in  conical  tubes,  perhaps  due  to  more  optimal 
contact  between  the  interacting  cells.  When  similar  studies  were  repeated  for 
generation  of  LAIF,,  supernatants  produced  in  conical  micro  tubes  were  found  to 
have  titers  of  10  -10  whereas  those  produced  in  round  bottom  tubes  produced 
LAIF  with  low  titers,  <10  .  Production  of  both  LIF  and  LAIF  has  been  found  to 
be  dependent  on  small  numbers  of  monocytes,  which  appear  to  act  as  accessory 
cells  for  antigen  presentation.  Addition  of  high  numbers  of  monocytes  to 
immune  lymphocytes  inhibited  the  production  of  LIF  but  not  LAIF. 

The  LAI  assay  as  currently  used  in  laboratories  is  time  consuming,  tech- 
nically demanding  and  large  numbers  of  cells  are  needed  to  test  for  reactivity 
against  a  large  number  of  antigens.  The  original  hemocytometer  assay  appears 
to  be  more  sensitive  and  specific  than  the  most  popular  modification  which  uses 
glass  tubes  as  the  adherence  vessel.  This  difference  in  sensitivity  and 
specificity  may  be  a  reflection  of  the  different  conditions  used  in  the  tube 
assay,  the  major  difference  being  the  lack  of  serum  in  the  medium.  The  main 
technical  problem  associated  with  the  hemocytometer  assay  is  the  visual  count- 
ing, which  limits  the  number  of  reaction  mixtures  which  may  be  tested  on  a 
particular  day.  Also,  each  hemocytometer  must  be  washed  individually  to  remove 
the  non-adherent  cells.  This  leads  to  considerable  variability  in  the  assay. 
We  have .recently  developed  a  modified  assay,  with  mononuclear  cells  labelled 
with  Indium.  The  modified  assay  was  found  to  be  more  objective,  less 
variable,  and  more  amenable  to  testing  of  large  numbers  of  samples. 

To  perform  physicochemical  characterization  of  a  lymphokine,  murine 
macrophage  migration  inhibition  factor  (MIF),  a  constant  source  of  factor  is 
needed.  To  this  end,  we  have  prepared  a  T  cell  hybridoma  which  produces  MIF. 
One  clone  produces  MIF  and  MAF  (stimulates  macrophages  to  produce  complement 
components  C2  and  B. ) 

Previous  studies  in  our  laboratory  indicated  that  low  concentrations  of 
IF  could  induce  the  production  and/or  release  of  lymphokine  production  by  human 
lymphocytes  in  response  to  bacterial  and  tumor  associated  antigens.  To  deter- 
mine whether  this  was  due  to  augmentation  of  usually  undetectable  immune 
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responses  or  to  facilitation  of  primary  immune  responses,  experiments  were 
performed  with  keyhole  limpet  hemocyanin  (KLH),  a  strong  antigen  to  which  few 
human  donors  have  pre-existing  immunity.  A  total  of  10/12  (82$)  KLH  non- 
sensitive  normal  donors  produced  LIF  following  exposure  to  KLH  in  the  presence 
of  IF,  as  compared  to  none  of  12  normal  donors  tested  without  IF.  These  data 
indicate  that  IF  may  facilitate  the  in  vitro  induction  of  primary  immune 
responses  to  antigens. 

III.  Immunochemical  Studies  of  Tumor  Associated  Antigens 

We  have  continued  our  work  on  the  biochemical  and  immunochemical  studies 
of  a  human  lung  tumor-associated  antigen  (hLTAA).  Considerable  emphasis  has 
been  placed  on  refinement  of  the  radioimmunoassay  (RIA)  for  this  substance. 
Although  the  present  form  of  the  RIA  has  already  been  useful  for  clinical 
studies,  it  has  been  desirable  to  attempt  to  eliminate  a  high  baseline  with 
normal  sera  that  is  due  to  the  cross-reactivity  of  hLTAA  with  serum  a.- 
antichymotrypsin  (ACT).  In  order  to  circumvent  this  difficulty  of  cross- 
reactivity  we  have  been  comparing  the  properties  of  hLTAA  and  ACT,  since  a 
better  understanding  of  their  properties  may  lead  to  a  simple  method  for 
eliminating  the  inhibition  by  ACT  in  the  RIA,  thereby  rendering  the  assay 
specific  for  hLTAA.  We  have  purified,  to  apparent  homogeneity,  ACT  from  normal 
human  plasma  and  have  shown  that  it  is  responsible  for  inhibition  in  the  RIA. 
This  purified  protein  inhibited  chymotrypsin  activity,  whereas  the  hLTAA  had 
no  measurable  effect  on  chymotrypsin  activity.  This  provided  a  clear  distinc- 
tion between  hLTAA  and  ACT. 

In  addition,  a  considerable  effort  has  been  made  to  study  the  isoelectric 
focusing  (IEF)  properties  of  the  hLTAA  and  ACT.  The  results  of  these  experi- 
ments suggested  a  possible  method  for  eliminating  interference  in  the  RIA  by 
ACT.  Isoelectric  focusing  on  polyacrylamide  slab  gels  gave  good  separation  of 
the  two  proteins. 

In  parallel  with  these  studies  aimed  at  quantitating  hLTAA  in  the  presence 
of  a  similar,  cross-reacting  protein,  we  have  been  attempting  to  isolate  and 
characterize  other  types  of  hLTAA.  Relying  primarily  on  radial  immunodiffu- 
sion as  a  means  of  following  antigen,  we  have  undertaken  the  purification  of 
another  hLTAA  form,  LT-120.  LT-120  has  been  purified  approximately  1000-fold 
and  is  near  homogeneity.  Attempts  are  now  being  made  to  set  up  RIA  or  an 
enzyme-linked  immunosorbent  assay  (ELISA),  for  quantitating  this  protein  in 
clinical  samples. 

IV.  Application  of  Immunological  Procedures  to  Clinical  Problems  of  Cancer 
Patients 

One  of  the  primary  objectives  of  LID  is  to  develop  and  evaluate  tests  for 
their  possible  application  to  clinical  problems  of  cancer  patients.  During  the 
past  year,  we  have  had  several  encouraging  results  in  this  important  area:  For 
the  past  several  years,  patients  with  carcinoma  of  the  breast  have  been  studied 
in  regard  to  their  cellular  immune  competence  and  their  cell-mediated  immunity 
to  breast  cancer  associated  antigens.  We  have  recently  analyzed  whether 
lymphoproliferative  (LP)  responses  of  postoperative  stage  I  or  II  patients 
could  help  to  identify  patients  at  high  risk  of  developing  recurrent  disease. 
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Only  about  one-third  of  the  patients  showed  strong  LP  responses  in  mixed 
lymphocyte-tumor  interactions  (MLTI)  to  membrane  extracts  of  autologous  tumor 
cells.  Almost  all  of  these  patients  have  remained  disease-free,  whereas 
significantly  more  patients  with  low  or  negative  reactions  have  developed 
recurrent  disease.  In  this  group  of  patients,  the  MLTI  responses  predicted 
subsequent  clinical  course  better  than  the  stage  of  disease,  and  therefore  this 
procedure  appears  promising  for  improved  staging  of  operable  breast  cancer 
patients. 

The  RIA  for  hLTAA  has  been  used  to  examine  a  large  number  of  human  sera. 
Sera  from  more  than  100  normal  individuals,  many  patients  with  benign  disease, 
and  approximately  300  patients  with  lung  cancer  have  been  assayed.  All  major 
lung  cancer  cell  types  have  been  included,  and  some  patients  have  been  tested 
before  and  after  surgical  resection.  The  assay  distinguishes  sera  of  normal 
individuals  from  patients  with  malignant  disease,  but  may  not  be  specific  for 
malignant  lung  disease.  There  is  also  evidence  for  a  positive  correlation  with 
the  extent  of  disease.  More  specifically,  of  104  normal  sera,  only  1  (<1$)  had 
hLTAA  levels  greater  than  400ug/ml.  On  the  other  hand  213/271  patients  with 
lung  cancer  (79$)  had  levels  greater  than  400ug/ml.  Elevated  levels  were  found 
in  35/7^  (47$)  of  patients  with  non-lung  malignancies  whereas  4/25  (16?) 
patients  with  begnign  lung  disease  had  levels  above  400ug/ml. 

In  addition,  24  patients  with  lung  cancer  have  been  available  for  serial 
serum  sampling,  for  periods  of  5  to  19  months.  In  general,  there  is  a  positive 
correlation  between  disease  status  and  marker  levels,  and  this  is  especially 
evident  in  those  patients  who  have  been  monitored  before  and  after  successful 
resection  for  localized  disease. 

Although  many  clinical  immunotherapy  trials  are  being  conducted,  few  have 
been  clearly  successful.  One  of  the  main  limitations  in  this  field  is  that 
treatment  protocols  are  empirical,  and  there  is  little  or  no  information  on  the 
immune  effector  mechanisms  that  are  relevant  to  possible  therapeutic  effects. 
Because  of  the  possible  roles  of  NK  cells  and  of  cytotoxic  monocytes  in  resis- 
tance against  tumor  growth,  we  have  been  monitoring  these  activities  in 
patients  treated  with  various  immunotherapeutic  agents.  Patients  were  repeat- 
edly tested,  before  and  after  receiving  one  inoculation  of  BCG  or  C.  parvum. 
Surprisingly,  in  view  of  the  known  effects  of  these  agents  in  rodents,  no 
augmentation  of  cytotoxic  reactivity  was  observed.  In  fact,  at  1-7  days  after 
BCG,  NK  activity  was  depressed.  Consistent  with  lack  of  augmentation  of 
cytotoxicity  by  these  agents,  no  increase  in  levels  of  serum  interferon  was 
seen.  It  thus  appears  that  the  clinical  procedures  used  for  administration  of 
these  agents  are  not  effective  for  inducing  IF  or  augmenting  cytotoxic  reactiv- 
ity. In  contrast,  we  have  noted  substantial  augmentation  of  NK  and  ADCC 
activity,  paralleled  by  high  levels  of  serum  IF,  in  most  patients  receiving  a 
poly  lysine-stabilized  complex  of  poly  I:C. 
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Project  Description: 

Objectives:  The  objectives  of  this  project  are:  1)  To  study  natural 
cell-mediated  immunity  to  tumors  in  rodents  and  in  man,  and  to  determine  the 
characteristics  of  the  effector  cells,  the  factors  regulating  the  levels  of 
activity  and  the  role  in  resistance  against  tumor  growth;  2)  to  analyze  the 
role  of  various  lymphoid  cell  subpopulations  in  the  immune  response,  and  in  the 
suppression  of  the  immune  response,  to  tumor  antigens;  3)  to  evaluate  patients 
with  lung  and  breast  cancer  for  the  correlation  between  immune  parameters  and 
clinical  course  of  disease;  and  4)  to  investigate  the  effects  of  immunothera- 
peutic  manipulations  on  the  immune  reactivity  of  cancer  patients. 

Major  findings: 

I.   Natural  Cell-Mediated  Immunity  Against  Tumor  Cells 

We  have  continued  to  perform  extensive  studies  on  natural  cell-mediated 
immunity  against  tumor  cells.  During  the  past  year,  our  studies  have  focused 
primarily  on  the  following  areas:  a)  the  characteristics  of  NK  cells;  b)  the 
specificity  of  NK  cells;  c)  factors  and  agents  affecting  the  levels  of  cyto- 
toxic activity;  and  d)  the  relationship  of  NK  activity  to  in  vivo  resistance 
against  tumor  growth.  In  addition,  studies  have  been  performed  on  the  cyto- 
toxic activity  of  granulocytes  from  normal  donors. 

A.   Characteristics  of  NK  Cells 

A  major  advance  in  the  characterization  of  human  NK  cells  has  result- 
ed from  clear  evidence  for  their  close  association  with  a  subpopulation  of 
lymphoid  cells  that  has  distinctive  morphology.  Timonen  and  Saksela  recently 
reported  that  a  considerable  portion  of  the  peripheral  blood  mononuclear 
leukocytes  (PBL)  that  formed  conjugates  with  NK-susceptible  target  cells  could 
be  designated  as  large  granular  lymphocytes  (LGL).  These  LGL  had  indented 
nuclei,  pale-staining  cytoplasm  containing  large,  azurophilic  granules,  and  it 
was  possible  to  enrich  for  such  cells  by  centrifugation  on  discontinuous 
Percoll  density  gradients.  When  Timonen  joined  LID  during  this  past  year,  it 
was  possible  to  more  thoroughly  investigate  the  association  between  NK  cells 
and  LGL.  By  modifying  and  standardizing  the  Percoll  separation  procedure,  it 
has  been  possible  to  consistently  prepare  fractions,  consisting  of  70-80$  LGL 
and  with  almost  all  of  the  NK  and  antibody-dependent  cell-mediated  cytotoxic 
(ADCC)  activities  of  the  PBL,  yet  comprising  only  10-15$  of  the  input  PBL. 
Virtually  all  LGL  have  been  found  to  have  Fc  receptors  for  IgG  (Fc  R)  and 
thereby  adhere  to  immune  complex  monolayers.  About  50$  of  LGL  formed  rosettes 
with  sheep  erythrocytes  (E  rosettes)  but  almost  none  formed  high  affinity  E 
rosettes  at  29° C.  By  further  separation  of  LGL-containing  Percoll  fractions, 
by  adherence  to  immune  complex  monolayers  or  by  removal  of  29°  E-rosette- 
forming  cells,  it  has  been  possible  to  prepare  subpopulations  containing  90- 
95$  LGL  and  highly  enriched  for  NK  and  ADCC.  A  further  useful  aspect  to  the 
characterization  has  been  the  observation  that  the  majority  of  LGL  form  conju- 
gates with  K562,  a  highly  NK-sensitive  target  cell.  While  some  cells  in  other 
Percoll  fractions  also  formed  conjugates,  they  were  not  LGL,  lacked  Fc  R  and 
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did  not  have  associated  NK  activity.  Treatment  of  LGL  with  interferon  (IF) 
caused  augmentation  in  NK  activity,  indicating  a  direct  effect  of  IF  on  NK 
cells,  without  a  requirement  for  accessory  cells.  In  contrast,  IF  treatment  of 
other  Percoll  fractions  did  not  induce  cytotoxic  activity.  It  thus  seems 
likely  that  NK  cells  are  included  among  conjugate-forming  LGL  and  that  other 
conjugate-forming  lymphocytes,  which  comprise  as  much  as  two-thirds  of 
conjugate-forming  PBL,  are  unrelated  to  active  NK  cells  or  their  immediate 
precursors. 

LGLs  have  also  been  detected  in  the  spleen  and  PBL  of  rats  and,  by  a 
slight  modification  of  the  Percoll  gradients,  it  has  been  possible  to  obtain 
fractions  enriched  for  LGL.  As  with  human  PBL,  most  rat  NK  activity  has  been 
found  to  be  associated  with  LGL.  Of  considerable  interest,  nude  athymic  rats 
have  been  found  to  have  increased  percentages  of  LGL,  especially  among  non- 
adherent PBL. 

Studies  on  cell  surface  markers  on  rat  NK  cells  have  also  been 
continued.  Alloantisera  to  the  rat  T  cell  specificity,  ART-1  ,  were  found  to 
consistently  produce,  in  the  presence  of  complement,  a  substantial  decrease  in 
NK  activity.  However,  this  effect  has  been  shown  to  be  due  to  contaminating 
antibodies  and  not  to  anti-ART-1a,  since  NK  cells  from  rat  strains  lacking  this 
allele  still  were  affected.  Also,  a  monoclonal  antibody  to  ART-1  lacked  the 
ability  to  deplete  NK  activity.  The  specificity  detected  on  rat  NK  cells  may 
be  LC  (leukocyte  common)  antigen,  since  a  monoclonal  antibody  to  LC  has  been 
found  to  reduce  NK  activity.  A  series  of  other  monoclonal  antibodies,  includ- 
ing those  directed  against  Thy  1.1  and  other  rat  T  cell  antigens,  have  had 
little  or  no  effect  on  NK  activity. 

Although  extensive  efforts  were  made  to  detect  LGL  in  spleens  or  PBL 
of  mice,  negative  results  were  obtained.  Separation  of  mouse  lymphoid  cells, 
by  the  same  or  modified  Percoll  gradients  that  have  been  successful  in  enrich- 
ing for  LGL  and  NK  activity  in  humans  and  rats,  have  failed  to  produce  compar- 
able results.  On  such  gradients,  mouse  NK  activity  was  usually  found  in 
fractions  containing  small-medium  lymphocytes. 

B.  Specificity  of  NK  Cells 

The  ability  of  NK  cells  to  recognize  specific  antigens  on  certain 
target  cells  has  remained  a  difficult  and  controversial  question.  NK  cells 
have  cytotoxic  reactivity  against  a  wide  range  of  neoplastic  target  cells  and 
against  some  normal  cells.  Previous  studies  with  the  cold  target  inhibition 
assay  have  suggested  recognition  of  multiple  specificities  and  some  hetero- 
geneity of  NK  cells.  To  examine  this  question  in  more  detail,  we  have  perform- 
ed selective  adsorptions  of  human  NK  cells  on  monolayers  of  various  targets. 
PBL  from  each  of  seven  donors  were  adsorbed  on  one  of  five  different  monolayers 
and  then  the  nonadherent  cells  were  tested  for  residual  activity  against  each 
of  these  targets.  It  has  been  possible  to  remove  almost  all  activity  against 
the  target  used  for  depletion.  With  the  majority  of  donors,  however,  the 
nonadherent  cells  still  had  appreciable  reactivity  against  some  of  the  other 
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targets  in  the  panel.  With  this  limited  series  of  donors  and  targets,  evidence 
for  a  minimum  of  seven  specificities  was  obtained.  This  provides  direct 
evidence  for  some  heterogeneity  of  human  NK  cells  and  suggests  that  there  are 
subpopulations  or  clones  of  NK  cells,  with  the  ability  to  react  against  various 
restricted  specificities. 

C.   Regulation  of  Cytotoxic  Activity 

There  is  considerable  evidence  that  the  activity  of  NK  cells  is 
subject  to  a  variety  of  regulatory  factors.  It  has  been  well  documented  that 
IF  is  the  major  mediator  of  activation  or  augmentation  of  NK  activity.  To 
determine  whether  this  was  a  unique  or  general  characteristic,  during  this  past 
year  we  have  examined  the  spectrum  of  activity  of  IF  on  other  types  of  cyto- 
toxic effector  cells.  Since  NK  cells  and  K  cells  mediating  ADCC  are  very 
similar,  if  not  identical  cells,  but  appear  to  function  through  different  cell 
surface  receptors,  we  have  been  particularly  interested  in  determining  the 
effects  of  IF  on  ADCC.  We  previously  reported  that  partially  purified  IF  could 
augment  human  ADCC.  However,  some  other  laboratories  have  failed  to  observe 
boosting  of  ADCC  by  IF  and  we  therefore  examined  this  issue  in  more  detail. 
Experiments  were  performed  with  several  mouse  target  cells,  that  were 
completely  resistant  to  lysis  by  human  NK  cells,  even  after  treatment  with  IF. 
With  each  target,  IF  could  augment  ADCC.  Furthermore,  trypsinized  PBL,  that 
had  little  or  no  residual  NK  activity,  still  showed  appreciable  augmentation  of 
ADCC.  Also,  we  examined  the  effects  of  IF  on  the  leukemic  cells  of  a  patient 
with  T  cell  chronic  lymphocytic  leukemia,  that  had  strong  ADCC  activity  in  the 
absence  of  NK  activity.  IF  substantially  boosted  the  ADCC  activity  but  did  not 
induce  any  NK.  As  definitive  proof  that  it  was  IF  in  our  preparations  that  was 
responsible  for  augmenting  NK  and  ADCC,  we  have  performed  experiments  with 
homogeneous  leukocyte  IF  and  have  shown  that  both  activities  were  substantial- 
ly increased.  IF  has  also  been  shown  to  augment  the  cytolytic  activity  of 
human  monocytes,  and  to  increase  lectin-induced  cell-mediated  cytotoxicity 
(LICC)  by  T  cells.  It  was  of  particular  interest  that  the  strongest  effect  in 
LICC  was  on  the  subpopulation  of  E  rosette-forming  cells  with  Fc  R,  with  IF 
causing  a  shift  from  very  low  to  high  levels  of  cytotoxicity.  Augmentation  of 
NK  activity  by  IF  has  also  been  strongest  with  this  subpopulation.  In  contrast 
to  these  positive  effects  of  IF,  IF  had  no  effect  on  the  activity  of  cytotoxic 
T  cells  that  were  generated  in  mixed  leukocyte  culture.  There  was  also  no 
boosting  effect  on  granulocyte-mediated  cytostasis. 

We  have  been  particularly  concerned  with  the  mechanism  of  the  effect 
of  IF  on  NK  cells.  Also,  we  wished  to  determine  whether  stimulation  by  IF 
could  account  for  all  instances  of  augmentaiton  of  NK  activity  and  furthermore, 
whether  IF  was  responsible  for  the  spontaneous  activation  in  vivo  of  NK  cells. 

Recent  studies  with  overnight  incubation  of  rat  spleen  cells  have 
provided  evidence  for  spontaneous  activation  or  augmentation  of  reactivity, 
with  probable  involvement  of  accessory  cells.  The  low  NK  activity  of  older 
rats  or  of  specific  pathogen-free  rats  was  found  to  increase  after  incubation 
even  at  U°C,  although  not  to  the  high  levels  seen  after  incubation  at  37°.  The 
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increase  in  activity  didn't  require  the  presence  of  fetal  bovine  serum  or 
endotoxin  in  the  medium,  but  did  require  adherent,  phagocytic  cells,  presum- 
ably macrophages.  Boosting  of  rat  NK  activity  by  poly  I:C  also  was  almost 
abrogated  by  removal  of  macrophages.  In  contrast,  the  NK  activity  of  nonadher- 
ent cells  could  be  boosted  well  by  incubation  overnight  with  Corynebacterium 
parvum.  Boosting  in  each  of  these  situations  was  paralleled  by  the  appearance 
of  detectable  amounts  of  IF  in  the  culture  supernatants.  These  results  suggest 
that  IF  plays  a  central  role  in  the  _in  vitro  augmentation  of  NK  activity.  We 
previously  showed  a  similar  role  for  macrophages  in  the  poly  I:C  induced 
production  of  IF  by  mouse  spleen  cells.  However,  the  cells  required  for 
producing  IF  in  response  to  C.  parvum  appeared  to  vary  between  mice  and  rats. 
In  mice,  macrophages  were  required  for  the  production  of  IF,  whereas  in  the 
rat,  nonadherent  cells  seemed  to  be  sufficient  for  good  responses.  We  also 
performed  analogous  experiments  with  human  PBL.  Upon  culture  overnight,  they 
also  spontaneously  produced  IF  and  developed  increased  NK  activity.  However, 
there  was  no  detectable  requirement  for  adherent  cells  for  the  spontaneous 
augmentation  of  NK  activity  or  for  augmentation  in  response  to  either  C.  parvum 
or  poly  I:C.  These  results  suggest  that  different  subpopulations  of  lymphoid 
cells  can  account  for  IF  production  in  the  various  species  that  we  examined. 
Further  studies  in  this  area  may  provide  insight  into  the  factors  involved  in 
in  vivo  regulation  of  spontaneous  NK  activity. 

The  ability  to  measure  binding  of  LGL  to  NK-susceptible  target 
cells,  and  to  follow  the  subsequent  lysis  of  attached  targets  in  a  single  cell 
agarose  assay,  has  allowed  us  to  begin  detailed  studies  on  the  effects  of  IF  on 
various  steps  in  the  interaction  between  the  effector  cells  and  their  targets. 
With  human  LGL,  the  percent  of  cells  forming  conjugates  with  K562  or  with 
antibody-coated  targets  was  not  increased  by  pretreatment  with  IF.  Thus,  we 
have  obtained  no  evidence  that  IF  causes  an  expansion  in  the  number  of  NK  or  K 
cells  that  can  interact  with  targets.  Rather,  the  main  effect  has  been  an 
increase  in  the  rate  of  lysis  of  bound  target  cells  and  some  suggestion  for  an 
increase  in  the  precent  of  target  cells  that  are  killed.  However,  it  is  still 
not  clear  whether  IF  just  increases  the  rate  of  lysis  by  already  active  NK 
cells  or  whether  it  can  trigger  cytotoxicity  by  inactive  NK  cells.  In 
comparable  studies  with  rat  LGL,  a  somewhat  different  pattern  of  results  has 
been  obtained.  Spleens  from  pathogen-free  rats,  with  low  spontaneous  NK 
activity,  contained  considerable  numbers  of  LGL  but  these  did  not  form 
conjugates  with  an  NK-sensitive  target  cell.  However,  in  rats  housed  in  a 
conventional  environment  and  having  considerable  spontaneous  activity,  an 
appreciable  portion  of  the  LGL  formed  conjugates.  Similarly,  LGL  from  patho- 
gen-free rats,  after  overnight  incubation,  formed  frequent  conjugates.  These 
results  suggested  that,  in  the  rat,  IF  could  increase  the  proportion  of  LGL 
able  to  recognize  and  bind  to  their  targets,  as  well  as  to  affect  later  phases 
of  the  effector: target  cell  interaction.  This  has  been  confirmed  by  studies 
with  rat  IF  preparations.  In  contrast  to  this  pattern  with  rat  spleen  cells, 
rat  PBL  were  more  similar  to  human  PBL.  An  appreciable  proportion  of  LGL,  even 
from  pathogen-free  rats,  formed  conjugates  with  target  cells.  This  suggests 
that  the  state  of  activation  of  NK  cells  can  vary  with  the  location  of  the 
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cells,  and  the  mechanism  of  augmentation  of  activity  by  IF  may  vary  in  paral- 
lel. 

Recent  studies  have  indicated  that  retinoic  acid  can  also  augment 
the  activity  of  human  and  mouse  NK  cells.  Cells  pretreated  with  both  retinoic 
acid  and  IF  showed  less  augmentation  than  with  either  agent  alone.  Thus  far, 
there  is  no  evidence  that  the  effect  of  retinoic  acid  is  mediated  by  induction 
of  IF  production  and  an  independent  mechanism  seems  more  likely,  since  in  other 
systems  retinoic  acid  has  been  shown  to  interfere  with  production  of  IF. 

Studies  have  also  continued  on  negative  regulation  or  inhibition  of 
NK  activity.  Our  specific  goals  have  been  to:  a)  explore  the  natural  mechan- 
isms contributing  to  low  NK  activity,  b)  to  determine  whether  carcinogenesis  or 
promotion  of  tumor  growth  may  be  associated  with  depression  of  NK  activity,  and 
c)  to  develop  treatment  protocols  that  might  selectively  depress  NK  activity 
and  thereby  be  of  use  for  examination  of  the  role  of  NK  cells  in  immune 
surveillance  against  cancer. 

We  have  examined  the  possible  mechanism  for  low  NK  activity  in  SJL 
mice.  The  possibility  was  considered  that  these  mice  might  not  have  an 
intrinsic  deficit  in  NK  cells  but  rather  have  some  inhibitory  or  suppressor 
mechanism.  Adherent  spleen  cells  from  normal  SJL  mice  were  tested  for  their 
ability  to  suppress  NK  activity,  using  the  procedures  by  which  we  previously 
demonstrated  suppressor  cells  in  mice  treated  with  pyran  copolymer  or  adria- 
mycin.  Positive  results  were  obtained,  with  adherent  spleen  cells  from  SJL 
mice,  but  not  from  other  strains,  inhibiting  NK  activity.  The  suppression 
appeared  to  be  due  to  release  of  soluble  factors,  since  culture  supernatants 
from  adherent  SJL  spleen  cells,  and  also  cell-free  homogenates,  were  inhibi- 
tory. 

Beige  mice  represent  another  mouse  strain  with  low  NK  activity,  and 
their  deficit  appears  to  be  due  to  a  defect  in  the  lytic  machinery  of  their  NK 
cells.  Since  the  abnormalities  in  these  mice  appear  to  be  analogous  to  those 
found  in  patients  with  Chediak-Higashi  syndrome,  it  was  of  interest  to  study 
two  NIH  patients  with  this  disease.  Both  patients  were  found  to  have  a 
profound  deficit  in  spontaneous  NK  activity  and  ADCC,  and  after  treatment  of 
their  PBL  with  IF,  only  a  modest  increase  in  activity  was  seen.  The  patients 
appeared  to  have  normal  numbers  of  LGL,  that  formed  conjugates  with  K562,  but 
had  abnormal  granules.  In  contrast  to  the  depressed  NK  activity,  cytotoxicity 
by  monocytes,  granulocytes  and  T  cells  appeared  to  be  within  the  normal  range. 
Thus  these  patients  provide  an  excellent  opportunity  to  study  in  detail  the 
mechanism  for  the  selective  defect  in  lytic  activity  by  NK  cells. 

NK  activity  has  been  examined  in  mice  after  treatment  with  urethane, 
a  carcinogen  that  induces  lung  adenomas.  The  experiments  were  done  with  A/He J 
mice,  a  strain  with  low  activity  and  high  susceptibility  to  the  carcinogenic 
effects  of  urethane.  Urethane  was  found  to  cause  a  biphasic  decrease  in  NK 
activity,  first  at  1-4  days  after  treatment  and  then  at  7-10  days  and  persist- 
ing for  at  least  2  weeks.   In  contrast,  C57BL/6  mice,  that  are  relatively 
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resistant  to  the  carcinogenic  effects,  showed  little  depression  of  NK 
activity. 

Experiments  were  also  performed  with  the  potent  tumor  promoter, 
phorbol  myristic  acetate  (PMA).  Brief  pretreatment  of  mouse  spleen  cells  with 
PMA  caused  a  substantial  decrease  in  NK  activity  and  also  interfered  with 
boosting  by  IF.  However,  after  cells  were  boosted  with  IF,  PMA  had  less 
inhibitory  effect.  NK  activity  of  human  PBL  was  also  depressed  by  PMA.  How- 
ever, there  was  considerable  variation  among  donors.  In  general,  either  of  two 
patterns  of  inhibition  was  seen:  depression  of  both  spontaneous  NK  activity 
and  of  boosting  by  IF,  or  just  inhibition  of  boosting. 

Estradiol  implants  have  been  reported  to  cause  depressed  NK  activ- 
ity. We  have  repeated  and  confirmed  this  observation,  finding  that  both 
spontaneous  NK  activity  and  response  to  IF  inducers  was  quite  deficient  in 
estradiol-treated  mice.  This  procedure  seems  promising  as  a  selective, 
relatively  nontoxic  means  to  persistently  depress  NK  activity,  since  cytotox- 
icity by  macrophages  and  immune  T  cells  remained  relatively  normal. 

D.  In  Vivo  Relevance  of  NK  Cells 

In  addition  to  previous  correlations  between  levels  of  NK  activity 
and  resistance  to  growth  of  some  transplanted  tumors,  we  have  recently  obtained 
more  direct  evidence  for  an  important  role  of  NK  cells  in  vivo.  It  has  been 
possible  to  measure  rapid  in  vivo  destruction  of  tumor  cells,  by  inoculation 
intravenously  with  I-iodo-deoxyuridine  labeled  tumor  cells  and  measurement 
of  isotope  remaining  in  the  lungs  and  other  organs  after  2-4  hrs.  There  was 
substantially  greater  clearance  of  radiolabeled  cells  in  mice  with  high  NK 
activity  than  in  mice  with  low  activity.  IF-inducers  or  IF  increased  the  in 
vivo  reactivity  and  treatments  causing  depression  of  NK  activity  also  inter- 
fered with  in  vivo  clearance.  This  assay  system  appears  quite  promising  for 
detailed  analysis  of  the  effects  of  various  treatments  on  natural  in  vivo 
resistance  to  tumor  growth.  In  addition,  it  has  provided  an  opportunity  to 
determine  the  in  vivo  circulation  and  persistance  of  NK  cells.  Intravenous 
transfer  of  normal  spleen  or  bone  marrow  cells  has  been  able  to  restore,  at 
least  in  part,  the  depressed  NK  activity  and  in  vivo  resistance  induced  by 
cyclophophamide.  After  cell  transfers,  NK  activity  in  the  lungs  and  spleen 
were  substantially  increased  and  in  parallel,  clearance  of  radiolabeled  tumor 
cells  from  the  lungs  was  increased.  Using  this  procedure,  it  should  be 
possible  to  separately  document  the  contribution  of  NK  cells  and  other  host 
factors  in  resistance  to  tumor  growth. 

Previous  studies  had  indicated  that  some  normal  cells,  mainly  sub- 
population  of  thymocytes,  bone  marrow  cells  and  peritoneal  macrophages,  were 
susceptible  to  lysis  by  NK  cells,  and  that  NK  cells  may  play  a  major  role  in  the 
radioresistant  rejection  of  histoincompatible  bone  marrow  transplants.  Our  in 
vivo  assay  has  allowed  us  to  examine  this  issue  in  more  detail.  Radiolabeled 
bone  marrow,  thymocytes  or  fetal  fibroblasts  were  cleared  in  vivo  more  rapidly 
in  mice  with  high  NK  activity  than  in  mice  with  low  activity.   Stronger 
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activity  was  seen  against  histoincompatible  cells,  but  NK-associated  elimina- 
tion of  syngeneic  normal  cells  also  occurred.  Thus  these  results  confirmed  the 
suggestion  that  NK  cells  may  play  a  role  in  the  differentiation  or  survival  of 
normal  hematopoietic  cells  as  well  as  of  neoplastic  cells. 

A  similar  in  vivo  assay,  that  allows  kinetic  measurements  of  in  vivo 
clearance  of  tumor  cells  from  individual  mice  has  been  developed.  Radiolabeled 
tumor  cells  are  inoculated  into  the  footpads  of  mice  and  clearance  of  radio- 
activity can  be  repeatedly  measured  in  intact  animals.  Clearance  from  this 
site  has  been  slower  than  from  the  viscera,  but  after  18-24  hrs  it  has  been 
possible  to  detect  appreciable  differences  in  elimination  of  tumor  cells  from 
mice  with  high  or  low  NK  activity.  These  results  suggest  that  NK  cells  can 
enter  a  tissue  site  containing  tumor  cells  and  play  a  role  in  resisting  the 
local  growth  of  the  tumor.  This  footpad  assay  has  also  been  amenable  to  the 
evaluation  of  the  in  vivo  activity  of  various  lymphoid  cell  preparations  from 
normal  or  treated  mice.  Tumor  cells  mixed  with  spleen  cells  with  high  NK 
activity  were  eliminated  more  rapidly  from  the  footpads. 

E.   Cytostatic  Activity  of  Normal  Human  Granulocytes 

We  previously  obtained  evidence  that  granulocytes  from  normal  human 
donors  could  strongly  inhibit  the  growth  in  vitro  of  a  wide  variety  of  tissue 
culture  cell  lines.  During  this  past  year,  we  have  examined  whether  the  levels 
of  cytostatic  activity  differed  between  normal  individuals  and  patients  with 
cancer.  Whereas  all  normal  donors  had  appreciable  reactivity,  most  cancer 
patients  with  active  disease  had  depressed  activity.  In  a  coded  prospective 
study,  it  was  possible  to  distinguish  the  cells  from  most  tumor-bearing  cancer 
patients  from  those  of  normal  controls.  In  contrast,  treated  cancer  patients 
with  no  evidence  of  disease  and  patients  with  various  benign  diseases  had 
cytotoxic  activity  in  the  normal  range.  Studies  were  then  performed  to  deter- 
mine the  mechanism  for  the  depressed  activity  of  granulocytes  in  tumor-bearing 
individuals.  When  granulocytes  from  such  patients  were  extensively  washed  and 
suspended  in  normal  serum,  they  became  as  reactive  as  the  granulocytes  from 
normal  donors.  Conversely,  mixture  of  granulocytes  from  normal  donors  with 
sera  from  tumor-bearing  patients  resulted  in  depressed  cytostatic  activity. 
By  Sephadex  G200  chromatography,  it  has  been  possible  to  isolate  a  protein  from 
cancer  sera  that  appears  to  account  for  the  inhibitory  activity.  These  data 
point  to  an  interesting  new  area  of  immunodepression  in  cancer  patients. 

II.  Cellular  Immune  Reactions  in  Patients  with  Breast  Cancer 

For  the  past  several  years,  patients  with  carcinoma  of  the  breast  have 
been  studied  in  regard  to  their  cellular  immune  competence  and  their  cell- 
mediated  immunity  to  breast  cancer  associated  antigens.  We  have  recently 
analyzed  whether  lymphoproliferative  (LP)  responses  of  postoperative  stage  I 
or  II  patients  could  help  to  identify  patients  at  high  risk  of  developing 
recurrent  disease.  Only  about  one-third  of  the  patients  showed  strong  LP 
responses  in  mixed  lymphocyte-tumor  interactions  (MLTI)  to  membrane  extracts 
of  autologous  tumor  cells.  Almost  all  of  these  patients  have  remained  disease- 
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free,  whereas  significantly  more  patients  with  low  or  negative  reactions  have 
developed  recurrent  disease.  In  this  group  of  patients,  the  MLTI  responses 
predicted  subsequent  clinical  course  better  than  the  stage  of  disease,  and 
therefore  this  procedure  appears  promising  for  improved  staging  of  operable 
breast  cancer  patients.  In  contrast  to  the  MLTI  data,  depressed  LP  responses 
in  mixed  leukocyte  cultures  were  not  associated  with  poor  prognosis.  In  fact, 
there  was  a  trend  toward  better  clinical  course  in  patients  with  depressed  MLC. 
By  combining  data  from  MLTI  and  MLC,  it  was  possible  to  identify  a  particularly 
poor  risk  group,  those  patients  with  normal  MLC  reactivity  but  low  or  negative 
MLTI . 

III.  Effects  of  Immunotherapy  on  Immune  Reactivity  of  Cancer  Patients 

Although  many  clinical  immunotherapy  trials  are  being  conducted,  few  have 
been  clearly  successful.  One  of  the  main  limitations  in  this  field  is  that 
treatment  protocols  are  empirical,  and  there  is  little  or  no  information  on  the 
immune  effector  mechanisms  that  are  relevant  to  possible  therapeutic  effects. 
Because  of  the  possible  roles  of  NK  cells  and  of  cytotoxic  monocytes  in 
resistance  against  tumor  growth,  we  have  been  monitoring  these  activities  in 
patients  treated  with  various  immunotherapeutic  agents.  Patients  were  repeat- 
edly tested,  before  and  after  receiving  one  inoculation  of  BCG  or  C.  parvum. 
Surprisingly,  in  view  of  the  known  effects  of  these  agents  in  rodents,  no 
augmentation  of  cytotoxic  reactivity  was  observed.  In  fact,  at  1-7  days  after 
BCG,  NK  activity  was  depressed.  Consistent  with  lack  of  augmentation  of 
cytotoxicity  by  these  agents,  no  increase  in  levels  of  serum  interferon  was 
seen.  It  thus  appears  that  the  clinical  procedures  used  for  administration  of 
these  agents  are  not  effective  for  inducing  IF  or  augmenting  cytotoxic  reactiv- 
ity. In  contrast,  we  have  noted  substantial  augmentation  of  NK  and  ADCC 
activity,  paralleled  by  high  levels  of  serum  IF,  in  most  patients  receiving  a 
poly  lysine-stabilized  complex  of  poly  I:C. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Natural  cell-mediated  immunity  may  play  an  important  role  in  immune 
surveillance  against  tumors.  Understanding  of  this  phenomenon  and  determina- 
tion of  its  in  vivo  role  in  mice  and  rats  should  be  very  useful  for  the 
understanding  of  the  significance  of  human  natural  cell-mediated  immunity. 
The  recent  findings  of  a  morphologic  counterpart  to  the  functional  activity  of 
human  and  rat  NK  cells  should  greatly  facilitate  studies  on  the  frequency  of 
these  cells  under  various  situations,  their  in  vivo  circulation  patterns, 
their  differentiation  and  relationship  to  other  cell  types.  Findings  that  IF 
plays  a  central  role  in  augmentation  of  the  activity  of  NK  cells,  provides  an 
important  new  mechanism  for  potential  therapeutic  effects  by  this  agent  and 
development  of  protocols  for  optimal  and  persistent  augmentation  of  NK  activi- 
ty may  result  in  more  effective  therapy  of  cancer  patients. 


635 


Z01  CB  05557-12  LID 
Proposed  Course  of  Project: 

Extensive  studies  on  natural  cell-mediated  immunity  against  tumors  will 
be  continued.  Much  of  our  efforts  will  be  directed  toward  exploitation  of  the 
recent  finding  that  human  and  rat  NK  cells  are  LGL:  a)  More  extensive  pheno- 
typing  of  human  and  rat  LGL,  especially  with  monoclonal  antibodies.  A  particu- 
lar focus  will  be  on  reagents  that  may  provide  insight  into  the  lineage  of 
these  cells,  especially  their  possible  relationship  to  T  cells  or  monocytes, 
b)  Further  characterization  of  the  functions  of  LGL  and  a  comparison  with  those 
associated  with  non-LGL  T  cells.  We  will  be  particularly  interested  in 
determining  whether  LGL  have  some  functions  that  have  been  associated  with 
mature  T  cells  ( lymphoproliferative  responses  to  mitogens  or  antigens,  and 
suppressor  activity  for  T  cell  or  B  cell  functions)  and  whether  these  cells 
produce  interferon  in  response  to  various  stimuli,  including  tumor  cells, 
viruses,  antigens,  and  poly  I:C.  c)  Studies  on  possible  differentiation  in 
vitro  or  in  vivo  of  LGL,  with  particular  interest  as  to  whether  they  can 
develop  into  typical  T  cells,  d)  Attempts  to  develop  monoclonal  antibodies  to 
NK  cells,  using  purified  populations  of  LGL  as  immunogens.  e)  Attempts  at  in 
vitro  propagation  of  LGL  with  cytotoxic  activity.  Cultures  will  be  initiated 
with  highly  purified  populations  of  LGL  and  attempts  will  be  made  to  obtain 
outgrowth  of  clones  from  these  cells,  f)  Detailed  examination  of  the  mechanism 
of  augmentation  of  NK  and  ADCC  by  IF.  Further  studies  in  the  rat  seem  warrant- 
ed to  more  clearly  define  the  steps  involved  in  activation  of  NK  cells  from 
non-conjugate-forming  LGL.  For  studies  with  human  NK  cells,  a  primary  focus 
will  be  on  the  single  cell  agarose  assay,  to  more  clearly  discriminate  the 
effects  of  IF  on  increasing  the  rate  of  lysis  by  active  NK  cells,  from  an  IF- 
induced  increase  in  the  proportion  of  LGL  with  NK  activity.  In  addition,  upon 
the  imminent  arrival  of  a  postdoctoral  fellow  with  extensive  experience  in  the 
biochemical  mechanisms  of  IF  induction  of  viral  resistance,  we  plan  to  apply 
some  of  the  same  approaches  to  the  study  of  the  biochemical  mechanisms  for  IF- 
induced  augmentation  of  NK  activity. 

Another  area  of  continued  interest  in  our  studies  of  NK  cells  is  the 
characterization  of  the  specificity  of  their  interaction  with  target  cells. 
The  reactivity  patterns  of  clones  of  cultured  NK  cells  should  be  very  helpful 
in  this  regard.  In  addition,  experiments  are  being  initiated  to  fractionate 
human  NK-susceptible  target  cells  and  NK  cells,  in  attempts  to  directly  isolate 
and  characterize  the  target  and  effector  cell  structures  that  are  involved  in 
cytotoxic  reactions.  Activity  will  be  assayed  by  inhibition  of  conjugate 
formation  and/or  lysis.  Proteases  have  been  suggested  to  be  responsible  for 
lysis  by  NK  cells  and  studies  will  be  performed  to  more  clearly  determine  their 
possible  role.  The  proteases  associated  with  LGL  will  be  characterized  and  the 
effects  of  a  series  of  selective  protease  inhibitors  will  be  examined. 

A  major  emphasis  will  be  placed  on  examination  of  the  possible  in  vivo 
roles  of  NK  cells.  Efforts  will  be  made  to  extend  our  current  observations 
with  transplantable  tumors  to  the  role  of  NK  cells  in  resistance  against 
primary  spontaneous  tumors  and  primary  tumors  induced  by  radiation  or  chemical 
carcinogens.   Such  tumors  will  be  tested  for  susceptibility  to  lysis  by  NK 
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cells.  In  addition,  we  plan  to  examine  the  effects  of  selective  depression  or 
augmentation  of  NK  activity  on  the  development  of  primary  mouse  mammary  tumors 
or  of  tumors  induced  by  radiation  or  carcinogens.  Further  studies  will  also  be 
performed  to  define  the  subpopulations  of  normal  cells  that  are  susceptible  to 
lysis  by  NK  cells,  and  particularly  to  examine  the  susceptibility  of  colony- 
forming  stem  cells  in  normal  bone  marrow.  The  _in  vivo  assays  with  radiolabeled 
tumor  cells  will  be  extended  to  rats,  to  determine  whether  purified  populations 
of  LGL  will  be  able  to  reconstitute  anti-tumor  resistance. 

It  will  also  be  of  interest  to  examine  whether  cells  suppressing  NK 
activity  in  vitro  also  have  major  inhibitory  effects  in  vivo.  This  will  be 
studied  by  in  vivo  transfer  of  suppressor  cells  and  by  performance  of  in  vivo 
assays  with  radiolabeled  tumor  cells  in  recipients  with  evidence  for  suppres- 
sor cells. 

Immunologic  monitoring  of  cancer  patients  will  be  continued.  Efforts 
will  be  made  to  confirm,  in  a  larger  prospective  series  of  breast  cancer  and 
lung  cancer  patients,  our  observations  on  the  prognostic  value  of  lymphopro- 
liferative  responses  to  autologous  tumor  antigens  and  in  mixed  leukocyte 
cultures.  In  addition,  we  plan  to  explore  in  more  detail  the  mechanisms 
responsible  for  the  depressed  responses.  Detailed  studies  on  the  immunologic 
effects  of  biologic  response  modifiers  will  also  be  continued.  In  patients 
receiving  poly  I:C,  the  effects  of  a  wider  range  of  doses  will  be  examined,  in 
an  attempt  to  determine  the  optimal  schedule  for  augmentation  of  NK  activity. 
The  effects  of  such  treatment  on  monocyte-mediated  cytotoxicity  will  also  be 
examined.  Similar  studies  will  soon  be  initiated  on  patients  receiving  inter- 
feron therapy.  The  effects  of  a  preparation  of  human  thymosin  on  the  levels  of 
T  cells  and  of  cytotoxic  activity  will' also  be  studied  on  a  series  of  cancer 
patients. 
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need  for  accessory  cells  and  serum  components  for  the  full  expression  of  Tp  and 
Tr  functions;  3)  a  demonstration  that  CTC  contain  cells  bearing  receptors  for 
the  Fc  portion  of  immunoglobulin  G  (Fc  R),  that  act  as  killer  (K)  cells  in 
antibody-dependent  cell-mediated  cytotoxicity,  and  that  may  have  regulatory 
functions  on  other  T  cells;  4)  a  demonstration  that  CTC  contain  natural  killer 
(NK)  cells  and  thereby  providing  further  evidence  that  NK  cells  are  indeed  in 
the  T  cell  lineage,  and  raising  the  question  of  their  role  in  the  generation  of 
specific  immune  T  cells;  5)  attempts  to  clone  CTC  with  one  or  more  of  the  above 
characteristics.  This  detailed  view  on  heterogeneity  of  T  cells  will  allow  us 
to  adequately  vary  the  conditons  of  our  in  vitro  cultures,  to  enhance  or 
eliminate  certain  T  cell  subsets  and  their  functions,  when  we  start  to  generate 
specific  immune  T  cells  against  human  TATA. 

Our  feasibility  study  on  the  development  of  cellular  reagents  specific 
for  TATA  in  man  is  as  follows:  1)  improve  culture  conditions  for  CTC  such  as  to 
achieve  better  cell  yields,  longer  cell  survival,  and  allow  cloning  of  effector 
CTC;  and  2)  analyze  the  relative  contributions  of  various  types  of  cytotoxicity 
by  CTC  against  tumor  cell  lines,  leukemic  blasts  and  fresh  solid  tumors. 

Major  Findings 

I.  Introduction 

Some  of  the  results  obtained  last  year  have  proven  extremely  helpful  for 
the  recent  work  done  by  us  and  other  investigators.  Our  model  of  T  cell 
activation  (Bonnard  et  al,  J.  Immunol.,  123:2704,  1979)  has  generated  a  number 
of  studies  in  mice  and  man,  which  helped  to  better  understand  the  cellular 
requirements  and  the  conditions  for  T  cell  lymphoproliferative  responses.  Our 
methodology  for  TCGF  production  with  addition  of  cells  from  a  B  lymphoblastoid 
cell  line  (Bonnard  et  al,  Cell.  Immunol.,  51:390,  1980)  has  gained  wide 
acceptance  in  many  laboratories  and  is  being  used  for  commercial  production  of 
TCGF.   Several  investigators  have  followed  up  on  our  findings  regarding  the 
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maintenance  of  specific  cytotoxicity  and  lymphoproliferative  responses  in 
allogeneic  systems  (Schendel  et  al,  Scand.  J.  Immunol.,  11:99,  1980;  Pappas  et 
al,  Transplant.  Proc,  11:1986,  1979)  and  our  suggestion  that  excellent 
cellular  reagents  for  the  dissection  of  the  major  histocompatibility  complex 
in  man  could  be  developed.  However,  we  have  ended  our  own  efforts  with 
allogeneic  mixed  lymphocyte  culture  sensitizations,  and  have  concentrated  on 
anti-tumor  reactivity  of  CTC. 

II.   Biological  Studies  on  T  Cell  Heterogeneity,  Activation  and  Regula- 
tion 

1 .  Detection  of  Subpopulations  of  T  Cells  by  the  Mitogenic  and 
Inhibitory  Effects  of  Xenogeneic  Anti-T  Cell  Sera:  We  have  continued  our 
studies  of  four  rabbit  antisera,  raised  against  CTC  and  absorbed  with  the 
autologous  B  lymphoblastoid  cell  line.  These  antisera,  specific  for  normal  and 
leukemic  T  cells,  were  mitogenic  for  PBL  and  CTC.  When  further  absorbed  with 
PBL,  these  reagents  lost  reactivity  (microcytotoxicity  and  fluorescence)  with 
PBL  and  their  mitogenicity  for  PBL  and  CTC,  but  they  still  reacted  in  micro- 
cytotoxicity or  in  fluorescence  with  the  CTC.  One  such  reagent  was  strongly 
inhibitory  of  the  mitogenic  action  of  TCGF  on  CTC,  and  the  possibility  was 
raised  that  it  could  react  with  the  receptor  for  TCGF.  Thirteen  mouse  mono- 
clonal antibodies,  obtained  from  Drs.  B.  Haynes  and  A.S.  Fauci,  and  directed  at 
several  different  molecules  on  the  surface  of  T  cells,  were  also  tested  for 
mitogenicity  and  for  their  inhibitory  effects  on  growth  of  CTC.  These  mono- 
clonal antibodies  were  not  mitogenic,  but  one,  3A6,  was  inhibitory.  Large 
amounts  of  3A6  monoclonal  antibody  are  available  for  further  testing.  As  with 
the  rabbit  antiserum,  the  possibility  exists  that  this  monoclonal  antibody 
reacted  with  receptors  for  TCGF  or  with  sites  sufficiently  close  to  these 
receptors  to  sterically  block  their  interaction  with  TCGF.  The  antibody 
precipitates  the  44,000  M.W.  protein  of  HLA  antigens  on  all  cells  tested.  Two 
other  monoclonals  which  precipitate  this  very  same  molecule  do  not  have  the 
blocking  effect,  and  served  as  appropiate  controls.  We  expect  these  studies  to 
eventually  lead  to  the  characterization  of  an  antibody  specific  for  the 
receptor  of  TCGF.  Such  a  reagent  would  be  very  useful  to  characterize  acti- 
vated T  cells,  as  opposed  to  resting  T  cells,  which  do  not  have  the  TCGF 
receptor.  It  may  lead  to  progress  in  detection  of  activated  T  cells  in 
infectious  disease,  cancer,  and  autoimmune  disease.  It  may  help  to  isolate 
specific  immune  T  cells,  when  they  represent  only  a  minority  of  the  total  cell 
population.  It  will  further  our  understanding  of  the  differences,  if  any, 
between  Tp  and  Tr  cells. 

2.  Need  for  Accessory  Cells  and  Serum  Components  for  the  Full 
Expression  of  Tp  and  Tr  Functions:  PBL  start  to  produce  TCGF  upon  stimulation 
with  PHA.  The  TCGF-producing  cells  were  found  to  be  T  cells,  on  the  basis  of 
experiments  performed  last  year.  We  have  now  examined  the  requirement  for  a 
very  small  number  of  monocytes  in  the  initiation  of  Tp  activity,  following 
reports  of  such  interactions  in  the  mouse.  Monocytes  were  indeed  required  for 
initiation  of  Tp  activity,  since  after  a  two-step  removal  of  monocytes  by  G-10 
Sephadex  and  nylon-wool  columns,  the  remaining  T  cells  were  unable  to  produce 
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TCGF.  Similar  to  highly  purified  PBL  T  cells,  CTC  also  did  not  respond  to  PHA. 
We  than  examined  whether  CTC  would  produce  TCGF  and  proliferate  upon  stimula- 
tion with  PHA,  in  the  presence  of  added  monocytes.  A  brisk  response,  in  terms 
of  both  TCGF  production  and  lymphoproliferation,  was  seen.  The  monocytes  were 
derived  from  PBL  by  adherence  to  plastic  or  to  plastic  coated  with  fetal  bovine 
serum  (FBS),  and  were  very  pure.  Attempts  to  characterize  this  population 
further  by  pretreatment  with  various  antisera  and  C  have  so  far  been  unsuc- 
cessful, since  most  sera  appeared  to  have  non-specific  effects  on  the  accessory 
cells.  The  interaction  between  CTC  and  accessory  cells  could  be  as  short  as 
one  hr.  So  far,  no  soluble  mediators  of  this  interaction  could  be  found. 
Interestingly,  whereas  several  B  lymphoblastoid  cell  lines  did  not  function  as 
accessory  cells,  the  K-562  myeloid  cell  line  was  extremely  active.  We  conclude 
that  Tp  are  propagated  in  CTC.  Further  studies  will  examine  whether  they 
represent  a  subset  of  Tr  cells,  or  a  particular  functional  stage  of  Tr  cells. 
We  expect  these  studies  to  bring  us  a  better  understanding  of  the  collaboration 
of  T  cells  and  monocytes  in  the  production  of  TCGF,  methods  to  enhance  TCGF 
production,  and  a  new  test  of  human  accessory  cell  function. 

In  humans,  serum  was  required  for  TCGF  production  in  some,  but  not 
all  our  experiments.  These  differences  were  well  documented,  but  their  basis 
is  not  yet  elucidated  and  remains  a  subject  of  investigation.  Higher  concen- 
trations of  serum  (20?)  were  needed  for  optimal  lymphoproliferative  responses 
to  PHA.  In  preliminary  experiments,  it  appeared  that  these  high  concentrations 
of  serum  were  needed  for  allowing  Tr  cells  to  express  the  TCGF  receptors.  We 
expect  these  experiments  to  help  us  understand  the  best  conditions  for  T  cell 
activation  in  MLTC. 

3.  Demonstration  of  CTC  of  Fc  R-Bearing  cells  which  Mediate  ADCC: 
In  collaboration  with  Dr~l  J.R.  OrtaldoY,  we  have  reexamined  the  possible 
presence  in  CTC  of  cells  bearing  Fc  R  and  of  K  cells  mediating  ADCC.  The 
initial  finding  was  that  a  mouse  lymphoma  cell  line,  RLcfM,  coated  with  rabbit 
TS-antibodies,  was  readily  killed  by  all  CTC  tested,  whereas  RLo*  1  by  itself 
was  not  killed.  However,  very  few,  if  any,  CTC  had  Fc  R  as  measured  by  7S-oxEA 
rosetting  techniques.  Further,  the  effector  cellsYof  this  ADCC  were  not 
removed  on  immune  complex  monolayers  that  readily  remove  K  cells  from  fresh 
PBL.  Nonetheless,  several  lines  of  evidence  indicated  that  Fc  R  were  present 
on  at  least  a  portion  of  the  CTC,  and  that  they  were  important  for  binding  the 
antibody-coated  target  cells:  Fc  R  were  more  readily  detectable  after  the  CTC 
had  been  cultured  without  TCGF  for^-2*  days.  Also,  protein  A  of  Staphylococcus 
aureus,  which  specifically  binds  to  the  Fc  portion  of  IgG,  inhibited  the 
cytotoxicity  of  CTC  against  antibody -coated  RLo*  1  cells  (but  did  not  affect 
direct  cytotoxicity  against  other  target  cells).  Recent  experiments  have 
pointed  to  the  presence  of  Fc  R  or  CTC,  by  the  inhibitory  effects  of  7S-immune 
complexes  on  the  proliferation  of  some  CTC.  Thus,  in  addition  to  a  better 
understanding  of  the  types  of  cytotoxicity  mediated  by  CTC,  we  expect  these 
experiments  to  lead  to  findings  on  the  regulatory  role  of  immune  complexes  on  T 
cell  proliferation. 
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H.  Demonstration  in  CTC  of  NK-like  Cell  Activity:  NK  activity 
against  K-562  and  other  target  cells  was  also  tested  in  the  experiments 
mentioned  above.  High  levels  of  cytotoxicity  were  observed.  As  in  the  ADCC 
studies,  the  effector  cells  were  not  removable  on  immune  complex  monolayers. 
In  contrast  to  ADCC,  cytotoxicity  was  not  blocked  by  addition  of  Protein  A. 
Final  proof  that  NK  cells  are  maintained  in  these  cultures  awaits  availability 
of  a  cell  surface  marker  typical  for  human  NK  cells.  Further  indirect  evidence 
for  the  presence  of  NK  cells  in  CTC  came  from  experiments  performed  by  Dr.  T. 
Timonen  in  Dr.  R.B.  Herberraan's  group.  PBL  was  separated  by  Percoll  gradients 
into  a  fraction  of  small  lymphocytes  that  had  no  NK  activity,  and  a  fraction 
highly  enriched  for  large  granular  lymphocytes  that  have  considerable  levels 
of  NK  activity  and  may  represent  NK  cells.  When  cultured  in  the  presence  of 
TCGF,  the  large  granular  lymphocyte  fraction  grew,  expanded  and  maintained  the 
cytotoxicity  pattern  of  NK  cells  and  were  also  active  in  ADCC.  The  small 
lymphocyte  fraction  also  grew,  but  had  a  different  reactivity  with  the  target 
cells  and  was  inactive  in  ADCC.  We  expect  these  experiments  to  further  our 
understanding  of  cytotoxicity  reactions  mediated  by  CTC  against  tumor  cells. 

5 .  Attempts  to  Clone  CTC  with  the  Above-Named  Characteristics :  We 
were  recently  successful  in  cloning  CTC  by  the  limiting  dilution  technique. 
Experiments  are  now  being  performed  to  test  the  heterogeneity  of  CTC.  Clones 
are  being  tested  for  cell  surface  markers,  such  as  the  ability  to  form  rosettes 
with  sheep  erythrocytes,  with  7S-antibody  or  19S-antibody-coated  ox  erythro- 
cytes. Functional  tests  of  NK  and  K  cells  activity,  and  of  suppression  of  both 
immunoglobulin  production  and  lymphoproliferative  responses  to  lectin  are  also 
being  done.  We  expect  these  results  to  further  our  understanding  of  the 
heterogeneity  of  CTC  and  PBL  T  cells,  to  provide  clones  of  CTC  producing 
mediators  of  cellular  immunity  of  considerable  interest  to  this  laboratory 
(TCGF  and  interferon  perhaps),  and  clones  of  CTC  with  K  and  NK  cell  activity. 

III.  Clinically-Oriented  Studies  on  Cellular  Reagents  that  Might  Detect 
Tumor  Associated  Transplantation  Antigens  in  Man 

1 .  Improved  Culture  Conditions  for  CTC:  One  of  the  major  problems 
with  the  development  of  unique  cellular  reagents  against  TATA  in  man,  using  the 
CTC  technology,  has  been  the  limited  expansion  and  life-span  of  these  cultures. 
CTC  usually  underwent  a  crisis  at  6-8  weeks  and  died.  In  experiments  starting 
the  cloning  from  a  single  cell,  this  meant  that  less  than  10  cells  were 
generated  by  the  time  of  the  crisis,  which  were  not  enough  for  extensive 
testing.  It  is  thought  that  improvement  of  the  level  and  quality  of  TCGF 
production  could  alleviate  these  problems.  Progress  in  this  area  would  also 
help  with  the  high  cost  of  the  commercially  available  TCGF  preparations. 
Finally,  if  CTC  are  to  be  injected  into  patients  for  immuno therapeutic  reasons, 
the  presence  of  unnecessary  foreign  proteins  or  toxic  substances  must  be 
avoided. 

High  levels  of  TCGF  have  been  produced  by  lymphoid  cells  from  tonsils 
and  spleens.  The  use  of  defibrinated  blood  was  superior  to  heparinized  blood 
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for  TCGF  production.  We  have  also  developed  a  more  reliable  test  for  TCGF  by 
using  cryopreserved  CTC. 

2.  Various  Types  of  Cytotoxioity  Mediated  by  CTC  Against  Tumor  Cell 
Lines  and  Fresh  Solid  Tumors:  In  order  to  get  specific  immune  CTC  against 
human  tumors,  one  would  have  to  distinguish  between  different  types  of  cyto- 
toxicity (polyclonal  activation,  NK  and  K  cell  activity,  other  unknown  mechan- 
isms). To  explore  this,  we  performed  cytotoxicity  tests  with  CTC  against  three 
lung  tumor  cell  lines,  SKMES-1 ,  CaLu  and  9812,  and  one  breast  cancer  cell  line, 
MCF-7.  These  CTC  were  derived  from  fresh  PBL  of  normal  donors  or  of  patients 
with  lung  cancer,  and  rested  for  24  hr  without  TCGF  prior  to  testing.  Tests 
performed  with  PBL  of  the  same  individuals  cultured  for  seven  days  without  TCGF 
served  as  controls.  All  cultures  were  maintained  in  20%  v/v  pooled  human  serum 
to  avoid  sensitization  to  fetal  bovine  antigens.  The  results  indicated  that 
all  14-  to  28-day-old  CTC,  whether  they  originated  from  normals  or  patients, 
were  broadly  cytotoxic  for  all  the  targets  tested.  This  contrasted  sharply 
with  the  very  low  levels  of  cytotoxicity  mediated  by  PBL  in  7-day  cultures 
without  TCGF.  It  was  also  found  that  the  cytolytic  activity  of  the  CTC  was 
correlated  with  the  ability  of  such  cells  to  attach  to,  and  form  conjugates 
(rosettes)  with,  the  sensitive  targets.  Also,  CTC  derived  from  autologous  MLTC 
showed  a  rather  broad  pattern  of  cytotoxicity.  Surprisingly,  some  of  the  CTC 
tested  showed  high  levels  of  cytotoxicity  against  the  adherent  tumor  cell 
lines,  while  not  reacting  with  the  K-562  cell  line  (our  test  for  NK  activity). 
It  will  be  important  to  determine  the  characteristics  of  such  cells,  in  order 
to  devise  strategies  to  discriminate  and/or  separate  them  from  immune  anti- 
tumor cytolytic  T  lymphocytes. 

IV.  Collaborative  Projects  on  CTC  with  Other  Investigators. 

1 .  Suppressive  Effects  of  CTC  on  In  Vitro  Immunoglobulin  Produc- 
tion: Drs.  Uchiyama,  Broder  and  Waldmann  at  NCI  have  essentially  completed 
this  collaborative  study.  Most  CTC  tested  suppressed  in  vitro  immunoglobulin 
synthesis  by  third  party,  and  also  autologous  PBL.  Practically  none  had  any  T 
helper  activity  on  highly  purified,  third  party  or  autologous  B  cells.  Six  . 
clones  were  derived  by  limiting  dilution  of  a  parent  CTC  culture,  and  all  six 
were  strongly  suppressive.  These  investigators  have  been  able  to  immunize  mice 
and  derive  monoclonal  antibodies,  the  specificity  of  which  is  now  being  tested. 

2.  Modulation  of  Glucocorticord  Receptors  in  CTC:  Drs.  Lacroix  and 
Lippman  at  NCI  have  extednded  this  collaborative  study  and  found  that  CTC  are  a 
useful  model  to  study  T  cell  glucocorticord  receptor  modulation  by  lectins 
glucocorticords  and  retinoids.  Exposure  of  CTC  to  glucocorticoids  or 
retinoids  decreased  both  basal  glucocorticoid  receptors  and  the  increased 
levels  seen  after  lectin  stimulation. 

3.  Studies  on  Alloantigen-Reactive  Chimpanzee  CTC:  Drs.  Strong  and 
Slease  at  NMRI,  NNMC  were  able  with  us  to  grow  chimpanzee  CTC,  using  human 
TCGF.  When  CTC  were  cultured  from  lymphocytes  primed  to  alloantigens  (PLT- 
CTC),  they  showed  specific  secondary  proliferative  responses  to  the  priming 


649 


Z01  CB  80500-06  LID 

alloantigens.  Dose-response  curves  showed  that  as  few  as  1,200  PLT-CTC  were 
able  to  give  a  maximal  response,  as  compared  to  5  x  10  primed  lymphocytes. 
This  speaks  for  a  considerable  selection  of  the  specifically  activated  T  cells. 
This  was  confirmed  by  the  reactivity  of  these  PLT-CTC  with  a  homologous  anti- 
serum that  may  be  specific  for  the  activated  T  cells  in  one  allogeneic  combina- 
tion (anti-idiotype  serum).  Several  attempts  were  made  to  raise  yet  better 
anti-idiotype  serum  by  injection  of  PLT-CTC  into  autologous  chimpanzees. 
Several  serum  samples  from  these  animals  are  now  being  tested  for  their  mito- 
genicity  on  autologous  PBL  and  CTC,  and  for  their  ability  to  block  lympho- 
proliferative  responses  in  MLC  or  to  PHA.  In  the  course  of  these  experiments, 
we  had  the  opportunity  to  follow  longitudinally  all  major  clinical  parameters 
in  one  chimpanzee  injected  intraveneously,  three  times  at  weekly  intervals, 
with  large  numbers  (10  )of  autologous,  primed  CTC.  No  side  effects  were  seen. 
This  provides  useful  information  on  the  tolerance  of  primates  to  CTC  injec- 
tions. 

Significance  for  Biomedical  Research  and  the  Program  of  the  Institute 

The  capability  to  generate  large  numbers  of  pure  and  functional  T  cells 
from  any  given  individual  or  population  of  lymphocytes  opens  considerable 
avenues  for  use  of  these  cells  in  in  vitro  assays  of  cell-mediated  immunity. 
The  technique  may  turn  out  to  be  the  cleanest  approach  to  the  purification  of 
considerable  numbers  of  T  cells  reactive  against  human  TATA,  and  this  will 
certainly  hold  a  very  high  priority  in  many  cancer  research  laboratories  for 
years  to  come.  These  studies  are  also  potentially  useful  for  the  immunodiag- 
nosis  of  cancer  and  in  measuring  changes  of  immunity  in  response  to  chemo- 
therapy or  immunotherapy.  This  would  fall  under  Objective  V,  Approach  4  and 
Objective  VI,  Aproaches  1  and  4  of  the  National  Cancer  Plan. 

Detection  of  tumor  antigens  and  of  immune  reactions  to  human  tumor- 
associated  antigens  is  a  major  goal  in  tumor  immunology.  The  development  and 
standardization  of  in  vitro  assays  for  cell-mediated  immunity  is  one  of  the 
most  important  aspects.  Because  immunogenicity  cannot  be  studied  directly  in 
the  human,  the  evaluation  of  immunologic  reactivity  and  the  antigenicity  of 
tumor  cells  by  in  vitro  assays  is  of  paramount  importance.  This  would  fall 
under  Objective  V,  Approach  4  of  the  National  Cancer  Plan. 

The  question  of  whether  immunosuppressive  factors  play  a  role  in  inter- 
fering with  effective  immunity  is  also  very  important.  It  appears  that  the 
stimulation  of  the  host  immune  system  may  be  useless,  unless  one  can  first  rid 
the  body  of  the  inhibitory  phenomena  related  to  tumor  cell  growth.  Investiga- 
tion in  this  area  would  fall  under  Objective  IV,  Approach  4  and  Objective  VI, 
Approaches  1,  2,  and  4  of  the  National  Cancer  Plan. 

The  capability  to  distinguish  between  different  T  cell  subsets  and  their 
functions  would  represent  very  significant  progress  towards  the  identification 
of  T  cells  immune  to  tumor-associated  antigens  in  cancer  patients.  This  may 
lead  to  a  better  understanding  of  reactions  against  the  tumor  that  may  be 
important  in  vivo.   The  findings  of  our  laboratory  that  T  cells  with  various 
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functions  can  be  adequately  studied  in  continued  cultures  open  major  avenues  of 
research.  Further,  techniques  are  now  available  to  study  the  factors  that 
mediate  the  needed  cellular  collaborations  during  immune  responses  to  tumors. 
It  is  possible  that  large  quantities  of  T  cells  immune  to  the  tumor  or  of 
factors  that  enhance  responses  to  the  tumor  could  be  used  in  immunotherapy. 
This  would  fall  under  Objective  V,  Approach  U  and  Objective  VI,  Approaches  1, 
2,  and  4  of  the  National  Cancer  Plan. 

Proposed  Course  of  Project 

I.  Introduction 

The  recent  demonstration  that  CTC  could  provide  a  source  of  pure,  even 
cloned,  T  cell  reagents  with  a  variety  of  functions,  and  antigenic  specifici- 
ties, has  considerably  boosted  our  interest,  and  that  of  others,  in  this  work. 
There  is  a  wide  range  of  possible  future  experiments  that  need  to  be  consid- 
ered: 1)  a  thorough  investigation  on  the  biology  of  TCGF  and  CTC,  with  respect 
to  T  cell  heterogeneity,  differentiation,  activation  and  regulation;  2)  an 
examination  of  T  cell  reactivity  (lymphoproliferation  and  cytotoxicity) 
against  fresh  and  cultured  tumor  cells;  3)  the  generation  of  cloned  cellular 
reagents  against  TATA;  4)  phase  I  clinical  trials  of  TCGF  and/or  CTC  in  man. 
Our  group  will  continue  to  work  exclusively  with  human  material,  leaving 
experimental  models  in  other  species  for  other  groups.  The  following  shows  our 
priorities. 

II.  Priorities 

1 )  Further  Dissection  of  T  cell  Heterogeneity  by  Means  of  Antibodies  and 
Functional  Tests:  Among  the  many  cells  that  are  possibly  involved  in  the 
recognition  and  rejection  of  tumor  tissue,  we  are  particularly  interested  in 
immune  cytolytic  T  cells.  Because  these  cells  should  be  activated  Tr  cells,  we 
would  like  to  develop  methodologies  able  to  recognize  a  minority  of  activated 
Tr  cells  among  a  much  larger  population,  and  also  the  capability  to  positively 
separate  the  few  activated  Tr  cells  for  further  expansion  as  CTC,  and  detailed 
studies.  It  is  generally  accepted  that  our  demonstration  of  TCGF  receptors  on 
activated  Tr  cells  opens  up  these  possibilities.  One  line  of  experiments, 
already  initiated  by  several  investigators,  has  been  the  selective  expansion 
of  already  activated  Tr  cells  with  TCGF  preparations  devoid  of  PHA.  According 
to  our  model,  in  the  absence  of  further  stimulation  with  PHA,  only  activated  Tr 
cells  should  grow  as  CTC.  In  addition,  our  anti-human  T  cell  sera,  which 
inhibit  or  stimulate  proliferation  of  CTC,  and  possibly  bind  to  the  TCGF 
receptor  on  activated  Tr  cells,  could  serve  as  probes  for  these  cells.  Acti- 
vated Tr  cells  could  then  be  separated  with  the  fluorescence  activated  cell 
sorter,  or  on  antibody-coated  plastic  plates.  Therefore,  we  will  continue  this 
approach,  namely  the  screening  and  study  of  antibodies  that  block  CTC  prolifer- 
ative responses  to  TCGF,  a  simple  and  potent  test  to  detect  structures  so  close 
to  the  receptor  that  they  cause  inhibition.  In  the  case  of  our  rabit  anti- 
serum, we  will  attempt  to  demonstrate  that  it  reacts  only  with  Tr  cells,  and 
then  could  serve  as  the  desired  marker.   In  the  case  of  the  3A6  monoclonal 
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antibody,  which  detects  the  44,000  MW  protein  of  HLA,  it  is  unlikely  that  this 
will  serve  as  a  marker.  It  will  be  very  important  to  compare  3A6  to  another 
monoclonal,  3F10,  which  detects  precisely  the  same  molecule  and  competes  100% 
in  immunofluorescence  or  precipitation  with  3A6,  yet  has  shown  no  inhibitory 
effect  whatsoever  in  our  test.  Possible  artefacts  will  have  to  considered,  and 
we  will  test  these  reagents  for  toxic  effects  or  contaminants.  We  will  also 
use  a  new  direct  approach,  employing  the  mitogenic  antibodies  in  our  rabbit 
anti-CTC  sera.  These  could  interact  more  directly  with  the  TCGF  receptor,  thus 
causing  proliferation.  After  absorption  of  the  mitogenic  antibodies  with  PBL, 
we  will  elute  them  at  pH2  and,  hopefully,  recover  the  mitogenic  antibodies  for 
further  studies.  So  far,  none  of  the  monoclonal  antibodies  we  have  tested  have 
been  mitogenic  for  CTC,  but  we  hope  to  find  this  type  of  reagent  during  our 
screening  of  new  monoclonals.  After  internal  labeling  of  CTC  with  radioactive 
aminoacids,  we  will  then  proceed  with  the  analysis  of  the  glycoproteins 
precipitated  by  all  the  antibodies,  in  collaboration  with  the  Laboratory  of 
Immunogenetics,  NIAID.  This  may  lead  to  a  characterization  of  the  TCGF 
receptors,  and  could  help  in  raising  yet  better  antibody  reagents  to  the 
receptor.  At  each  step  during  the  course  of  these  experiments,  it  will  be 
important  to  verify  our  hypothesis  that  the  reagents  used  indeed  recognize 
selectively  activated  Tr  cells.  If  true,  we  could  then  initiate  studies  in 
cancer  patients,  for  the  selection  of  activated  Tr  cells  from  PBL,  lymph  nodes 
and  the  tumor  site. 

2.  Further  Dissection  of  the  Cellular  and  Serum  Requirements  for  TCGF 
Production  and  Responses  to  TCGF:  Because  deficient  responses  to  antigens 
could  be  due  to  the  lack  or  malfunction  of  one  of  several  cell  types  partici- 
pating in  the  response,  it  is  important  to  detect  all  the  cells  involved  in 
responses  to  antigens,  and  to  test  their  function  individually.  Our  demon- 
stration of  a  role  for  TCGF -producing  cells,  and  cells  responding  to  TCGF,  and 
also  for  monocytes  in  TCGF  production,  has  opened  up  the  possibility  to  test 
the  function  of  these  cells  separately  by  appropriate  protocols.  We  will 
investigate  whether  monocytes  also  play  a  role  in  the  activation  of  Tr  cells 
and  the  appearance  of  TCGF  receptors  on  these  cells.  This  will  be  done  by  PHA- 
stimulation  of  PBL  completely  depleted  of  monocytes,  or  with  increasing 
numbers  of  monocytes.  The  capacity  of  these  stimulated  cells  to  absorb  TCGF  or 
to  proliferate  in  response  to  TCGF  will  be  taken  as  measures  of  the  appearance 
of  TCGF  receptors  under  the  various  conditions.  We  will  also  investigate 
whether  monocytes  exert  their  influence  on  Tp  and  Tr  by  a  soluble  factor,  such 
as  lymphocyte  activating  factor  (LAF).  This  will  be  done  by  looking  at  the 
activity  of  supernates  from  isolated  monocytes,  or  of  purified  LAF.  Because 
monocytes  and  T  cells  have  been  known  to  interact  via  la  antigens  in  various 
experimental  models,  we  will  also  look  at  the  role  of  la  antigens  in  the 
collaboration  for  TCGF  production  or  for  activation  of  Tr.  This  will  be  done 
by  the  use  of  monoclonal  anti-la  antibodies  and  C  to  remove  monocytes  needed 
for  the  collaboration,  and  reconstitution  with  monocytes,  or  by  the  use  of 
anti-la  antibodies  with  C  to  block  la  molecules,  either  on  monocytes  or  in 
association  with  soluble  factors.  Because  the  requirement  for  la-bearing 
monocytes  could  be  replaced  in  one  study  on  mice  by  serum,  we  will  perform  the 
experiments  on  the  requirements  for  monocytes  in  media  with  and  without  serum. 
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In  regard  to  our  findings  that  CTC  produce  TCGF  in  the  presence  of  monocytes  or 
K-562,  we  will  study  what  factor,  if  any,  is  produced  by  these  two  cell  types, 
that  have  such  a  dramatic  effect  of  lyraphoproliferation.  It  is  possible  that 
K-562  produces  LAF  or  la,  or  that  this  line  (and  monocytes)  produce  another, 
unknown,  regulatory  molecule.  With  such  new  knowledge  on  the  role  of  several 
types  of  cells  and  various  factors  in  the  lymphoproliferative  responses  to 
antigens,  we  expect  to  design  experiments  with  PBL  of  cancer  patients,  which 
will  allow  us  to  understand  why  some  of  these  patients  have  abnormally  low 
lymphoproliferative  responses. 

3.  Continuation  of  Our  Studies  on  Fc  R-Bearing  CTC  and  Their  Relationship 
to  CTC  That  Suppress  Lymphoproliferative  Response  to  Lectins  and  Antigens:  One 
of  the  earliest  goals  with  the  CTC  in  this  laboratory  has  been  the  demonstra- 
tion the  Fc  R-bearing  NK  and  K  cells  could  be  grown  with  TCGF.  It  now  appears 
that  NK  cand  K  cells  expressing  low  levels  of  Fc  R  can  be  maintained  as  CTC, 
and  that  large  granular  lymphocytes,  the  morphological  equivalent  of  the 
functional  NK  or  K  cell,  can  be  grown  with  TCGF  under  some  conditions.  There- 
fore, it  will  be  very  important  to  compare  CTC  with  these  characteristics  to 
other  CTC.  This  will  help  considerably  our  analysis  of  T  cell  heterogeneity 
and  differentiation.  Preliminary  evidence  indicates  that  factor(s)  in  the 
TCGF  preparations,  and  the  TCGF  preparations,  and  possibly  factor(s)  produced 
by  the  CTC  themselves,  determine  whether  NK  and  K  cells  with  the  morphology  of 
large  granular  lymphocytes  grow  as  CTC.  There  are  a  number  of  functions  that 
have  been  associated  with  CTC,  which  need  to  be  retested  separately  with  CTC 
enriched  with,  or  depleted  of,  large  granular  lymphocytes.  Obviously,  cyto- 
toxicity against  K-562  and  in  ADCC  fall  in  this  category.  Because  Fc  R-bearing 
cells  have  been  shown  to  produce  interferon  in  man,  it  will  be  important  to 
check  production  of  this  lymphokine  by  the  two  types  of  CTC.  Because  CTC  have 
been  shown  to  produce  TCGF,  it  will  be  important  to  test  whether  both  types  of 
CTC  can  produce  TCGF.  Finally,  it  will  be  crucial  to  use  the  two  types  of  CTC 
to  analyze  which  one  participate  in  the  development  of,  or  regulate,  a  specific 
immune  response  to  alloantigens,  and  other  antigens. 

There  has  been  considerable  interest  over  the  past  few  years  in  the  role 
that  immune  complexes  may  play  in  enhancing  tumor  growth.  In  fact,  several 
empirical  protocols  have  been  developed  to  remove,  by  plasmapheresis,  immune 
complexes  found  in  certain  cancer  patients.  There  is  as  yet  little  in  depth 
biological  information  to  support  these  clinical  trials.  Very  little  is  known 
of  the  influences  that  immune  complexes  exert  on  human  T  cell  responses  to 
antigens.  One  well-documented  finding  has  been  their  ability  to  abolish  the 
lymphoproliferative  responses  of  isolated  T  cells  bearing  receptors  for  IgG. 
This  effect  has  not  been  seen  with  whole  PBL  populations,  and  this  difference 
is  not  understood.  We  will  continue  to  accumulate  data  regarding  the  suppres- 
sive effects  of  immune  complexes  on  T  cell  lymphoproliferation.  We  will  study 
whether  immune  complexes  shut  off  the  response  of  the  Fc  R  bearing  cells,  or 
whether  suppresion  can  be  seen  on  third  party  PBL  responses  to  PHA  and  other 
antigens.  We  will  compare  the  inhibition  of  CTC  lymphoproliferative 
responses,  with  the  suppression  of  in  vitro  Ig  biosynthesis,  also  mediated  by  T 

cells  with  Fc  receptors.   Because  several  CTC,  maintained  on  different  TCGF 
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preparations,  have  shown  varying  properties  of  T  cells  with  Fc  R,  we  will  study- 
reasons  for  this:  possible  components  in  the  TCGF  or  lymphoklnes  produced  by 
other  CTC  in  the  culture.  We  will  also  use  CTC  derived  from  large  granular 
lymphocytes,  and  correlate  cytotoxicity  functions  with  the  degree  of  inhibi- 
tion of  proliferation  by  immune  complexes  in  these  cultures.  We  will  also 
attempt  a  precise  characterization  of  the  types  of  immune  complexes  that  exert 
those  inhibitory  effects.  This  will  include  a  control  study  of  the  effects  of 
IgM  complexes,  and  a  screen  of  sera  from  cancer  and  other  patients  that  contain 
immune  complexes.  When  these  experiments  are  completed,  it  should  be  easy  to 
come  up  with  a  model  for  the  effect  of  immune  complexes  on  T  cell  activation. 
Also,  experiments  could  be  designed  with  PBL  and  sera  from  cancer  patients,  to 
evaluate  the  contribution  of  this  type  of  immunosuppression  to  the  disease. 

4.  Cloning  of  CTC  to  Facilitate  the  Above  Studies:  Cloning  of  single 
cells  from  CTC  populations  could  well  represent  the  most  potent  way  to  analyze 
the  heterogeneity  of  these  cells.  Cloned  populations  could  be  tested  for 
certain  characteristics  and  functions,  and  selected  accordingly.  These  popu- 
lations could  then  be  expanded,  for  detailed  analysis.  Cloned  CTC  may  serve  as 
good  immunogens  for  raising  monoclonal  antibodies.  As  a  first  priority,  we 
will  attempt  cloning  of  CTC  with  the  morphology  of  large  granular  lymphocytes 
and  of  CTC  with  Fc  receptors  for  IgG.  There  are  still  difficulties  with 
cloning  of  CTC,  particularly  with  the  long-term  survival  of  the  clones.  Once 
we  are  sufficiently  experienced  with  this  technique,  it  may  be  possible  to 
derive  clones  from  CTC  reactive  against  TATA  in  man.  These  would  serve  as  very 
valuable  cellular  reagents. 

5.  Examination  of  T  Cell  Reactivity  (Lymphoproliferation  and  Cytotox- 
icity) Against  Fresh  and  Cultured  Tumor  Cells:  We  will  examine  the 
cytotoxicity  mediated  by  CTC  against  fresh  tumor  target  cells,  in  lung  cancer 
and  breast  cancer.  This  will  be  possible  through  collaborations  with 
clinicians  at  George  Washington  University  and  the  National  Naval  Medical 
Center.  We  will  perform  detailed  studies  of  the  cytotoxicity  mediated  by  PBL 
and  CTC  from  patients  and  normal  controls,  in  4  hr  and  18  hr  Cr-release 
assays  against  tumor  cell  lines,  as  well  as  against  fresh  single  cell  suppres- 
sion of  autologous  and  allogeneic  tumors.  CTC  will  also  be  derived  from  the  T 
lymphocytes  found  within  the  tumor,  and  their  cytotoxicity  tested.  Lympho- 
cytes will  be  separated  into  NK  and  non-NK  fractions,  by  one  or  several  of  the 
available  techniques,  and  then  grown  as  CTC.  We  will  use  conditions  that  will 
foster  the  growth  of  CTC  devoid  of  NK,  and  analyse  the  cytotoxicity  mediated  by 
these  cells.  We  will  investigate  to  what  extent  the  culture  of  patients'  PBL 
with  their  own  tumor  in  MLTC  reactions  induces  specific  immune  cytotoxic  T 
lymphocytes,  that  could  be  expanded  as  CTC.  We  will  use  primary,  and  also 
secondary  MLTC  in  these  studies.  If  the  cytotoxicity  pattern  is  interesting, 
we  may  want  to  clone  these  cells  and  look  at  the  cytotoxicity  of  cloned  cells 
against  the  various  target  cells.  Clones  of  CTC  reactive  with  limited  numbers 
of  tumor  target  antigens  could  be  used  as  cellular  reagents  to  investigate  the 
presence  of  these  antigens  on  different  tumors  in  different  individuals.  CTC 
with  cytotoxic  reactivity  against  autologous  tumor  cells  could  be  used  for 
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passive  cellular  immunotherapy  of  such  patients.  We  plan  very  similar  studies 
in  leukemias  with  the  National  Naval  Medical  Center. 

Overall,  there  is  much  evidence  that  our  biological  studies  on  T  cell 
heterogeneity,  activation  and  regulation  have  had  considerable  impact  on  our 
conceptual  and  methodological  approach  to  the  work  with  MLTC  and  the  develop- 
ment of  cellular  reagents  against  TATA  in  man.  We  tend  to  favor  these 
systematic  studies  over  premature  attempts  to  investigate  disease-related 
immunity.  It  will  be  important,  however,  to  remain  alert  as  to  possible 
developments  that  may  directly  apply  to  the  immunodiagnosis  or  immunotherapy 
of  cancer. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Phospholipid  metabolism  was  found  to  play  a  significant  role  in  the  in  vitro 
recognition  and  destruction  of  tumor  cell  lines  by  human  peripheral  blood  cells. 

The  ability  of  human  peripheral  blood  monocytes  to  control  proliferation  by 
transformed  cells  was  studied  in  normal  individuals  and  patients  with  malignancy. 


Effector  mechanisms  of  this  growth  inhibitory  activity  and  its  regulation  were 
distinct  from  those  usually  attributable  to  other  immune  cells  or  effector 
molecules. 

An  enzyme-linked  immunosorbent  assay  (ELISA)  method  to  simply  and  rapidly 
detect  the  production  of  monoclonal  antibodies  directed  against  cell  surface 
antigens  was  developed  and  implemented.  This  technique  allowed  selection  of 
"hybridomas"  producing  antibodies  specific  for  human  monocyte  components. 
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Project  description: 

Objectives:  The  principal  objectives  of  this  project  are:  1)  To  study  the 
role  of  defined,  simple  molecules  in  regulating  or  affecting  immune  functions, 
with  special  emphasis  on  reactions  in  the  cell  membrane  involoving  lipid 
metabolism.  2)  To  better  clarify  the  role  of  monocytes,  and  subpopulations  of 
monocytes,  in  host  defense  against  malignancy. 

Major  findings: 

I.  Role  of  Phospholipid  Methylation  in  Natural  Killing 

In  keeping  with  the  principal  focus  of  the  Laboratory  of  Immunodiagnosis 
on  spontaneous  cytotoxicity  of  tumor  lines  by  peripheral  blood  cells,  studies 
were  initiated  to  examine  the  role  of  phospholipid  methylation  in  cell-cell 
interaction  and  cytolysis.  The  basis  for  pursuing  this  avenue  began  with  an 
awareness  of  a  role  for  lipid  metabolism,  particularly  of  phospholipids,  in 
reactions  mediating  immune  functions  in  laboratory  animals,  i.e.,  mitogen- 
induced  proliferation  and  cell-mediated  lympholysis  in  mice  and  chemotaxis  of 
polymorphonuclear  leukocytes  in  rabbits.  This  knowledge,  coupled  with  a 
cognizance  of  the  importance  of  phospholipids  in  maintaing  cellular  integrity, 
membrane  fluidity  and  topography,  and  surface  charge,  led  to  the  initiation  of 
this  study. 

The  primary  direction  taken  has  been  direct  measurement  of  phopholipid 
methylation  occurring  during  lymphocyte-tumor  cell  interaction.  Concurrently, 
detailed  investigation  began  on  the  effect  on  spontaneous  cytotoxicity  of 
drugs  or  chemical  inhibitors  known  to  affect  components  of  those  reactions. 

The  findings  of  these  studies  have  confirmed  a  significant  role  for 
phopholipid  methylation  in  the  activity  of  natural  killer  (NK)  cells.  Inter- 
action of  peripheral  blood  cells  with  susceptible  tumor  lines  led  to  increased 
phospholipid  methylation  during  the  early  stages  of  cell-cell  contact. 
Degradation  of  phopholipids,  primarily  via  the  phospholipase  A_  pathway, 
appeared  to  play  a  central  role  in  initiation  of  the  cytolytic  process  since  it 
was  observed  that  radiolabeled  phopholipid  moieties  could  be  released  from  the 
2-  positon  of  phosphatidyl  choline  located  within  the  membrane  of  tumor  cell 
lines,  during  a  brief  period  of  interaction  with  peripheral  blood  cells 

Specific  inhibition  of  phospholipid  methylation,  by  drugs  which  inter- 
fere with  methyl-group  donation  by  S-adenosyl  methionine  (3-deazaadenosine, 
adenosine  and  homosysteine,  etc.)  at  doses  where  other  (protein  and  nucleic 
acid)  methylation  reactions  were  unimpeded  lent  strong  support  to  these 
initial  findings.  Inhibitors  of  phospholipase  A_  activity,  such  as  quina- 
crine,  tetracaine,  and  corticosteroids,  were  also  shown  to  inhibit  natural 
killer  function. 

Other  compounds  studied  for  their  effects  on  tumor  immunity  via  altera- 
tions of  phospholipid  metabolism  included  lysolecithin  per  se  and  two  analogs 
with  the  ester  linkage  in  the  1-  postion  replaced  by  alkyl  groups,  and  with  a 
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substitution  in  the  2-  position.  These  so-called  "alkyl  phospholipids"  (ALP) 
were  found  to  promote  natural  killing  and  monocyte-mediated  cytostasis. 

In  related  studies,  interferon,  a  principal  regulator  of  immune  function, 
including  NK  activity,  was  shown  to  decrease  the  rate  of  phospholipid  methyl- 
ation  in  intact  peripheral  blood  mononuclear  cells.  Preliminary  experiments 
showed  this  to  be  a  result  of  increased  catabolism  of  phosholipids,  rather  than 
diminished  synthesis  alone. 

II.  Functional  Role  of  Human  Peripheral  Blood  Monocytes  in  Tumor 
Immunity. 

Functional  evaluation  of  monocytes,  isolated  from  the  peripheral  blood  of 
normal  donors,  by  a  variety  of  techniques  was  carried  out  in  a  growth  inhibi- 
tory assay  (GIA),  employing  transformed  human  or  rodent  cell  lines.  The  role 
of  monocytes  as  the  effector  cells  in  GIA  was  established  using  cell  fraction- 
ation procedures  on  human  peripheral  blood  mononuclear  cells  and  by  using 
target  cell  lines  usually  not  susceptible  to  lymphocyte-mediated  spontaneous 
cytotoxicity.  Of  interest  was  the  related  observation  that  normal  cells 
proliferating  in  response  to  mitogen,  were  not  suppressed  by  monocytes  from 
normal  donors. 

Interferon,  previously  shown  to  be  effective  in  boosting  lytic  capacity 
of  monocytes  as  well  as  lymphocytes,  failed  to  consistently  show  significant 
enhancement  of  cytostatic  function.  Neither  inhibitors  of  prostaglandin 
synthesis  nor  exogenous  prostaglandins  showed  effects  in  GIA,  despite  known 
involvement  of  prostaglandins  in  the  mediation  of  various  monocyte  functions. 
Corticosteroids  were  also  without  effect  in  vitro,  despite  incubation  in  the 
system  for  periods  of  time  and  at  doses  shown  to  be  effective  in  other  immune 
assays.  Some  indication  was  obtained  for  a  role  of  phorbol  esters  in  augment- 
ing human  monocyte  GIA,  though  a  consideration  of  their  direct  effects  on  the 
target  cells  was  still  outstanding  at  the  time  of  this  report. 

Mononuclear  cells  from  normal  individuals  and  patients  with  cancer  had 
activity  in  GIA.  Currently,  no  difference  between  normals  and  patients  with 
early-stage  lung  or  breast  cancer  had  been  documented,  utilizing  our  assay 
protocol. 

III.  Monocyte  Subpopulations  Detectable  by  Monoclonal  Antibodies  to 
Cell-Surface  Components. 

In  an  attempt  to  raise  monoclonal  antibodies  against  human  monocyte  cell 
surface  components,  preliminary  activities  focused  on  the  development  of  an 
effective  screening  procedure  to  separate  unique  antigens  from  unwanted 
reactivities  (e.g.,  against  human  histocompatibility  antigens)  present  on  all 
peripheral  blood  mononuclear  cells.  We  were  able  to  modify  an  enzyme-linked 
immunosorbent  asssay  (ELISA),  commonly  employed  in  laboratory  and  clinical 
measurement  of  soluble  proteins  for  the  detection  of  antigens  on  intact  cells. 
Reagents  were  purified  or  standardized,  experimental  conditions  were  defined, 
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and  the  assay  automated  for  rapid,  easily  reproducible  results.  Employing 
these  conditions  allowed  detection  of  monoclonal  antibodies  in  unkown  super- 
natants  with  comparable  specificity  and  sensitivity  to  microcytotoxicity  or 
radioimmunoassay  procedures. 

Simultaneous  with  the  development  of  the  screening  assay,  mice  were 
immunized  with  human  peripheral  blood  monocytes  obtained  in  copious  numbers 
with  high  purity  by  the  method  of  elutriation.  Presently,  the  first  products 
of  colonies  derived  from  fusion  products  between  mouse  immune  splenocytes  and 
myeloma  cell  lines  are  being  evaluated  for  specific  monoclonal  antibody 
production. 

Significance  to  biomedical  research  and  the  Program  of  the  Insititute: 

The  place  of  lipid  metabolism  in  immune  regulatory  and  effector  function 
and  the  role  of  monocytes  in  human  defense  against  malignancy  are  both  rela- 
tively unexplored  areas  of  immunologic  investigation.  We  have  preliminary 
evidence  for  the  relevance  of  the  former  to  the  activity  of  NK  cells  and  have 
established  a  role  for  monocytes  in  the  in  vitro  growth  inhibition  of  tumor 
cells. 

Since  lipids  in  general,  and  phospholipids  in  particular,  represent 
components  of  the  cell  membrane,  interference  with  lipid  metabolism  results  in 
profound  effects  on  the  interaction  of  the  cell  with  its  environment.  Differ- 
ences between  malignant  and  normal  cells  with  regard  to  the  kind  and/or  level 
of  enzymatic  activities  involved  in  lipid  metabolism  are  relevant  both  for  the 
understanding  of  the  transformation  process  as  well  as  for  implementing  ways  of 
interrupting  growth  or  viability  of  neoplastic  cells  without  injury  to  normal 
cells. 

Monocytes  have  been  shown  to  play  a  significant  role  in  controlling  tumor 
cell  proliferation  in  experimental  animals  and  humans.  Furthermore,  a  number 
of  immunoadjuvants  have  been  shown  to  exert  their  action  via  their  effects  on 
the  monocyte.  Although  GIA  represents  but  one  additional  test  for  the  func- 
tional capacity  of  the  monocytes,  direct  cytotoxicity  against  transformed 
cells  appears  to  be  a  particularly  relevant  model  for  the  role  of  monocytes  in 
tumor  immunity. 

The  ability  to  distinguish  monocyte  subpopulations  by  way  of  monoclonal 
antibodies  could  facilitate  selection,  cultivation,  or  enhancement  of  a 
desired  monocyte  function,  or  elimination  of  undesired  reactivities  (such  as 
suppression).  The  identificiation  of  antigens  unique  to  monocytes  in  differ- 
ent stages  of  differentiation  or  development  would  facilitate  an  understanding 
of  the  biologic  role  of  the  monocyte  in  tumor  immunity. 

Proposed  course  of  the  project: 

Closer  inspection  of  the  components  of  phospholipid  metabolism  (enzymes, 
substrates,  cofacors)  in  normal  and  tumor-derived  cells  will  be  undertaken. 
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Prinicpal  enzymes  at  various  stages  of  synthesis  or  oatabolism  will  be  assayed 
and  characterized  in  an  attempt  to  find  markers  of  the  state  of  development  or 
functional  capability  of  the  cell.  Specifically,  the  role  of  pathways  involved 
in  salvaging  metabolized  phosphatidyl  choline  will  be  evaluated  in  cells 
either  resistant  or  susceptible  to  natural  killing  or  GIA,  in  an  attempt  to 
elucidate  the  determinants  of  such  susceptibility.  The  scope  of  the  study  will 
eventually  be  expanded  to  include  metabolism  of  other  classes  of  lipid  mole- 
cules besides  glycero-phospholipids  and  to  examine  interactions  with  proteins 
and  sugars  as  well. 

Further  tests  of  monocyte  function  in  normal  individuals  and  patients 
with  malignancy  will  be  carried  out.  The  focus  of  the  study  will  be  patients 
with  defined  clinical  status,  immune  capabilities,  and  response  to  immuno- 
therapy. Besides  the  current  assay  for  GIA,  attempts  will  be  made  to  develop 
novel  tests  for  determining  enzymatic  activity  of  growing  cells  as  a  measure  of 
their  viability.  Preliminary  plans  also  call  for  measurement  of  products 
secreted  by  monocytes  by  direct  measurement  in  ELISA. 

Characterization  of  monoclonal  antibodies  selected  by  current  screening 
procedures  will  be  carried  out  with  a  variety  of  techniques.  Fluorescence- 
activated  cell  sorter  analysis  will  determine  the  representation  of  subpopula- 
tions  among  whole  peripheral  blood  mononuclear  cells.  Complement-mediated 
depletion  of  specific  antigen-bearing  cells  and  subsequent  assay  in  standard 
functional  tests  (lyphoproliferation  in  response  to  mitogens  and  antigens, 
cytolysis  and  cytostasis,  or  suppression)  will  be  attempted,  utilizing  those 
antibodies  of  appropriate  class  or  subclass  specificity.  Monocyte  surface 
markers  will  be  analyzed  in  parallel  with  unique  antigenic  components  recog- 
nized by  monoclonal  antibodies  for  correlation  with  known  cell  surface  pro- 
teins (Fc  receptor,  complement  receptor,  histocorapattbility  products). 
Immunochemical  analysis  will  be  undertaken  in  collaboration  with  nearby 
laboratories  specialzing  in  chromatography  and  sequencing  of  membrane  pro- 
teins, should  such  monocyte  or  subpopulation-specific  antigens  be  discovered. 

Publications: 

Jett,  J.R.,  Mantovani,  A.,  and  Herberman,  R.B.:  Augmentation  of  human  monocyte 
mediated  cytolysis  by  interferon.   Cell.  Immunol.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  have  focused  on  macrophage  heterogeneity  and  macrophage  function,  and  on 
factors  regulating  NK  activity.  Monoclonal  antibodies  are  being  used  to  identify 
macrophage  subpopulations.  An  IgM  hybridoma  antibody  in  the  presence  of  comple- 
ment, eliminates  macrophage  accessary  function  but  does  not  affect  cytotoxic 
macrophages.  Studies  on  the  mechanism  of  suppression  by  macrophages  have  demon- 
strated that  protein  synthesis  in  lymphocytes  was  inhibited  by  activated  macro- 
phages, but  not  by  elicited  macrophages  or  a  macrophage  cell  line.  Lymphokine 
production  could  be  blocked  by  transient  inhibition  of  protein  synthesis  during 
the  first  2  hours  after  stimulation  or  by  irreversible  inhibition  of  RNA  synthesis 
at  the  initiation  of  culture.  Induction  of  cytotoxic  macrophages  by  macrophage 
activating  factor  (MAF)required  the  presence  of  endotoxin.  Suppressor  macro- 
phages could  be  generated  in  vitro  with  MAF  alone.  Genetic  studies  on  NK  activity 
suggested  that  SJL/J  mice  have  a  single  gene  that  determines  low  NK  activity. 
Chemically  modified  Corynebacterium  parvum  could  augment  NK  activity  without 
suppression.   Interferon-independent  augmentation  of  NK  activity  was  produced  by 

lectins  or  antibodies. 
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Project  Description: 

Objectives:  The  general  objectives  of  this  project  are  a)  to  understand 
the  nature  of  macrophage  subpopulations  in  mice,  b)  to  gain  insight  into  the 
process  of  macrophage  activation,  c)  to  determine  the  nature  of  the  effects 
macrophages  have  on  normal  lymphoid  and  tumor  cells,  and  d)  to  know  more  about 
the  factors  regulating  natural  killer  (NK)  activity.  More  specifically  the 
purpose  of  the  projects  performed  this  year  were:  (1)  to  produce  monoclonal 
antibodies  to  macrophage  cell-surface  antigens  that  could  be  used  to  identify 
macrophage  subpopulations;  (2)  to  dissect  the  mechanisms  involved  in  macro- 
phage-mediated  suppression  of  lymphocyte  function;  (3)  to  examine  the  early 
metabolic  events  required  for  lymphocyte  activation;  (4)  to  establish  short 
term  cytotoxicity  assays  that  could  be  used  for  studying  macrophage  activa- 
tion; (5)  to  investigate  the  genetic  factors  that  determine  low  NK  activity  in 
mice;  and  (6)  to  study  the  mechanisms  for  augmenting  and  suppressing  NK  activi- 
ty. 

Methods  Employed:  Lymphoid  cells  were  obtained  from  the  spleen,  lymph 
nodes,  peritoneal  cavity,  peripheral  blood,  thymus  and  tumor  (of  tumor  bearing 
animals)  of  immune  and  normal  mice.  Normal  and  tumor  cell  lines  were 
maintained  in  tissue  culture.  A  variety  of  tumors  induced  by  viral,  chemical 
or  unknown  agents  were  maintained  by  transplantation  in  syngeneic  animals. 
Immune  and  normal  lymphocytes  and  tumor  cells  were  stored  in  a  viable  frozen 
state.  Inbred  strains  of  mice  were  employed  for  several  different  allogeneic 
and  tumor  model  systems.  Immunological  competence  and/or  cellular  immune 
reactivity  were  measured  in  vitro  by  the  following  tests:  lymphocyte  simula- 
tion, lymphocyte-  and  macrophage-raediated  cytotoxicity  in  Cr  and  InOx 
release  assays,  production  of  lymphokines,  in  vitro  generation  of  secondary 
cytotoxic  responses,  suppression  of  mitogen-induced  and  antigen  induced  immune 
functions,  and  inhibition  of  growth  of  lymphoma  cells.  Normal  spleen  cells 
from  immune  animals  were  fused  with  plasmacytoma  tumor  cells  and  the  resulting 
hybrids  cloned  to  select  lines  that  produced  monoclonal  antibodies  to  macro- 
phage cell  surface  antigens.  Lymphoid  populations  were  enriched  or  depleted  of 
different  subpopulations  by:  iron/magnet  treatment,  passage  over  adherence 
columns,  or  treatment  with  various  antisera  plus  complement. 

Major  Findings: 

I.  Monoclonal  Antibodies  to  Macrophage  Cell  Surface  Antigens 

We  are  interested  in  examining  the  activation  and  differentiation  of 
macrophages.  It  appears  that  there  are  different  subpopulations  of  macro- 
phages, which  vary  in  their  stage  of  activation  or  differentiation.  These 
subpopulations  have  been  separated  on  the  basis  of  their  size,  density  or 
surface  characteristics.  Reports  from  several  laboratories  indicate  that 
there  also  are  antigenic  differences  among  macrophages  obtained  from  different 
anatomical  sites  and  among  macrophages  at  different  stages  of  activation  and/ 
or  differentiation.  However,  the  antisera  utilized  to  identify  these  differ- 
ences were  very  difficult  to  prepare  because  very  large  numbers  of  adsorptions 
were  required  to  make  the  antisera  specific.   Monoclonal  antibodies  would  be 
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more  desirable  because  these  adsorptions  would  not  be  necessary  and  the 
reagents  would  be  against  monospecific  determinants.  We  initiated  these 
experiments  to  develop  monoclonal  antibodies  against  cell  surface  antigens  on 
macrophages  in  an  attempt  to  provide  reagents  that  could  identify  subpopula- 
tions  of  macrophages  based  on  their  antigenic  characteristics. 

The  hybridomas  were  produced  by  the  fusion  of  the  mouse  plasmacytoma,  P3- 
NSI/1-Ag4-1  (NSI),  with  spleen  cells  from  rats  immunized  with  a  macrophage  cell 
line,  P38801.  After  fusion,  hybrids  were  selected  in  HAT  medium  and  then 
cloned  and  tested  for  the  production  of  cytotoxic  antibodies  to  various 
targets.  Clones  were  selected  that  appeared  to  be  producing  antibodies 
specific  for  macrophages  and  further  characterization  was  performed. 

Three  clones,  designated  108.45,  32.50  and  8.113,  were  obtained.  Clones 
32.50  and  8.113  showed  similar  patterns  of  reactivity  while  108.45  gave  clearly 
different  results.  Both  32.50  and  108.45  reacted  with  a  variety  of  macrophage 
cell  lines,  but  they  were  also  cytotoxic  against  a  number  of  other  types  of 
tumor  cell  lines.  The  pattern  of  reactivity  with  normal  cells  was  more 
restricted  to  macrophages.  Clone  108.45  reacted  mainly  with  pyran  or  Coryne- 
bacterium  parvum  (C.  parvum)  activated  peritoneal  exudate  macrophages.  Anti- 
bodies from  clone  32.50,  on  the  other  hand,  in  the  presence  of  complement, 
lysed  a  high  proportion  of  peritoneal  exudate  cells  (both  macrophages  and 
neutrophils)  and  some  bone  marrow  cells,  while  exhibiting  little  or  no  reactiv- 
ity against  spleen,  lymph  node  or  thymus  cells. 

When  clone  32.50  was  tested  for  its  ability  to  inactivate  the  functional 
activity  of  macrophages,  we  found  that  accessary  cell  functions  in  the  lympho- 
proliferative  response  to  T  cell  mitogens  and  in  the  generation  of  cytotoxic  T 
lymphocytes  were  eliminated,  while  cytotoxic  macrophages  were  not  affected  by 
the  antibody  plus  complement.  Moreover,  it  was  found  that  macrophages  respon- 
sible for  tumor  cytotoxicity  constitute  a  small  percentage  of  the  peritoneal 
exudate  macrophage  populations,  since  pyran  or  C.  parvum  activated  macrophages 
were  still  capable  of  lysing  tumor  target  cells  even  after  a  majority  (more 
than  70%)  of  the  cells  were  killed  by  32.50  antibody  plus  complement.  32.50 
antibody  also  did  not  have  any  effect  of  cytotoxic  T  effector  functions  or  on 
NK  activity. 

II.  Macrophage-Mediated  Suppression 

Our  studies  have  continued  on  the  mechanism  of  the  suppression  mediated  by 
macrophages  which  have  been  activated  in  vivo  by  the  inoculation  of  such  agents 
as  BCG  and  C.  parvum  and  by  the  inoculation  of  tumor.  Earlier  we  had  noted 
that  not  only  did  macrophages  suppress  lymphocyte  proliferation  and  other 
events  that  take  place  relatively  late  after  stimulation,  but  also  the  produc- 
tion of  lymphokines,  an  event  which  occurs  within  6-8  hours  after  stimulation. 
During  the  past  year  additional  studies  were  performed  on  the  inhibition  of 
lymphocyte  protein  synthesis  mediated  by  activated  macrophages. 
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When  activated  macrophages  recovered  from  MSV-induced  regressing  tumors 
or  from  peritoneal  exudates  induced  by  C.  parvum  injection,  were  cultured  for  6 
hours  with  resting  or  Concanavalin  A-stimulated,  normal  spleen  cells,  a 
decrease  in  the  protein  synthesis  of  T  cells  was  observed.  The  suppressor 
cells  were  Thy  1.2  negative,  adherent  and  phagocytic.  We  concluded  that 
activated  macrophages  are  able  to  inhibit  T-cell  protein  synthesis.  In 
contrast,  peritoneal  macrophages,  induced  by  injection  of  light  mineral  oil, 
or  a  macrophage  cell  line,  WEHI-3  had  no  inhibiting  activity. 

We  found  that  the  ability  of  macrophages  to  suppress  protein  synthesis  was 
accompanied  by  the  capacity  to  suppress  the  production  of  a  lymphokine,  migra- 
tion inhibitory  factor  (MIF),  by  in  vitro  stimulated  lymphocytes.  It  seems 
possible  that  an  early  block  of  protein  synthesis  is  one  mechanism  by  which 
suppressor  macrophage  can  inhibit  the  subsequent  development  of  an  immune 
response. 

As  a  model  to  examine  the  role  of  protein  synthesis  in  the  development  of 
the  immune  response,  we  have  employed  metabolic  inhibitors  and  examined  their 
effect  of  lymphocyte  functions.  Previously  we  had  reported  that  lymphopro- 
liferative  responses  induced  by  mitogens  could  be  substantially  reduced  by 
transient  inhibition  of  protein  synthesis  within  the  first  two  hours  after 
lymphocyte  stimulation.  Since  the  proliferative  response  was  measured  72  hr 
after  stimulation,  we  wanted  to  know  whether  earlier  manifestations  of  lympho- 
cyte response,  namely  the  production  of  lymphokines,  would  be  similarily 
affected. 

Reversible  inhibitors  of  protein  synthesis,  cycloheximide  and  puromycin, 
and  a  irreversible  inhibitor  of  RNA  synthesis,  actinomycin  D,  were  employed  to 
study  the  kinetics  and  types  of  macromolecular  synthetic  events  required  for 
the  production  of  migration  inhibitory  factor  (MIF)  and  macrophage  activating 
factor  (MAP)  by  Con  A-stimulated  lymphocytes.  Reversible  inhibition  of 
protein  synthesis  during  the  first  2  hr  after  stimulation  completely  inhibited 
MIF  and  MAF  production.  The  same  treatment,  performed  4  hr  after  the  beginning 
of  the  stimulation,  had  no  effect.  When  the  inhibitors  of  protein  synthesis 
were  left  in  the  cultures,  a  block  of  lymphokine  production  was  observed  when 
the  drugs  were  added  at  6  hr  as  well  as  at  time  0.  In  contrast,  irreversible 
inhibition  of  RNA  synthesis  at  6  hr  was  ineffective  and  only  treatment  at  the 
beginning  of  culture  blocked  lymphokine  production.  These  data  suggest  that  a 
critical  protein  is  synthesized  during  the  first  few  hours  of  stimulation, 
which  is  required  for  subsequent  production  of  lymphokines.  After  this  special 
early  requirement,  however,  continued  protein  synthesis  is  needed  for  lympho- 
kine production.  In  contrast,  the  RNA  required  for  MIF  and  MAF  production 
seemed  to  be  completely  synthesized  within  4-6  hr  after  stimulation. 

III.  Endotoxin  Requirement  for  Activation  of  Macrophages  by  MAF 

Macrophage-mediated  cytotoxicity  has  been  measured  by  a  variety  of 
assays.  We  have  recently  developed  a  short  term  (18  hr) ,  isotope  (  Cr) 
release  assay  which  can  be  used  to  measure  early  changes  in  normal  macrophges 
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when  they  are  exposed  to  MAF  in  vitro.  This  microassay  also  has  the  advantage 
of  requiring  a  small  number  of  cells  per  well. 

Utilizing  this  assay,  the  requirements  for  the  presence  of  bacterial 
lipopolysaccharide  (endotoxin  or  LPS)  were  examined.  In  culture  medium  and 
serum  that  had  low  amounts  of  endotoxin  (>  0.1  ng/ml) ,  macrophages  treated  with 
MAF  did  not  become  activated  for  cytolytic  activity.  Activation  by  MAF  could 
only  be  detected  when  low  amounts  of  exogenous  endotoxin  (10  ng/ml)  were  added 
to  the  assay.  These  concentrations  of  endotoxin  were  not  sufficient  to  acti- 
vate the  macrophages  without  the  presence  of  MAF.  With  reagents  not  selected 
for  low  levels  of  endotoxin  (amounts  of  endotoxin  varied  from  10  ng  to  5 
ug/ml),  no  strict  requirements  for  LPS  could  be  observed.  However,  addition  of 
more  endotoxin  to  the  selected  reagents  frequently  resulted  in  an  increase  in 
the  levels  of  cytotoxicity. 

51 
The   Cr  release  assay  could  also  be  used  to  demonstrate  cytotoxicity  of 

macrophages  activated  in  vitro  by  poly  I:C,  interferon  and  LPS.   Likewise, 

macrophages  activated  _in  vivo  displayed  cytotoxicity  in  this  assay  in  both 

endotoxin  low  and  normal  medium. 

1 1 1 
IV.   Comparison  of    InOx  Release  with  Other  Assays  to  Measure  Macro- 
phage Mediated  Cytotoxicity 

A  number  of  isotope  release  assays  have  been  utilized  for  measuring  macro- 
phage-mediated cytotoxicity.  Among  the  isotopes  -that  have  been  employed  are 
Cr  for  short  term  assays,  and  H-thymidine  and  I-IUdR  for  longer  assays. 
Each  has  certain  advantages  and  disadvantages  that  must  be  considered  when 
employing  them  in  cytotoxicity  assays.  Cr  is  released  readily  from  target 
cells  but  the  spontaneous  release  is  often  too  high  after  24  hours  to  be  used 
effectively.  In  addition,  many  adherent  target  cells  either  do  not  label  well 
with  this  isotope  or  they  have  a  very  high  spontaneous  release.  The  other  two 
isotopes,  being  nuclear  labels,  are  released  from  the  cells  more  slowly,  and 
are  more  difficult  to  use  in  a  24  hr  assay. 

InOx  has  been  found  to  have  many  advantages  and  few  disadvantages  for 
use  in  testing  macrophage-mediated  cytotoxicity.  InOx  efficiently  labeled 
all  tumor  cells  tested  (both  adherent  and  nonadherent)  and  routinely  the  levels 
of  spontaneous  release  were  0.25-0.755&/hr.  Susceptible  tumor  target  cells, 
labeled  with  InOx  or  Cr,  exhibited  similar  levels  of  isotope  release  upon 
interaction  with  activated  macrophages  for  18  hrs. _  However,  because  of  the 
very  low  spontaneous  release  of  InOx  compared  to  Cr,  InOx  was  superior 
for  longer  term  assays.  In  48  or  72  hr  InOx  assays,  several  adherent  and 
nonadherent  targets  which  exhibited  little  or  no  susceptibility  to  lysis  after 
18  hr  of  incubation,  were  shown  to  be  sensitive  to  macrophage-mediated  cytotox- 
icity. Thus,  InOx  was  useful  in  both  short  and  long  term  assays  and 
therefore  is -applicable  for  a  wider  variety  of  targets  than  other  isotopes.  In 
addition,  InOx  labeled  targets  allow  detailed  studies  on  the  early  and  late 
events  in  the  activation  of  macrophages  by  a  variety  of  agents. 
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V.  Induction  of  Suppressor  Macrophages  In  Vitro 

Macrophages  activated  in  vivo  have  been  shown  to  be  cytotoxic  against 
tumor  targets  and  suppressive  for  many  phases  of  the  immune  response.  However, 
it  is  not  clear  whether  these  two  types  of  functions  are  manifestations  of  the 
same  subpopulation  of  macrophages,  at  the  same  stage  of  activation  or  differ- 
entiation. We  tried  to  determine  what  conditions  would  be  necessary  to 
activate  macrophages  in  vitro  to  suppress  lymphokine  production  and  how  these 
would  compare  to  the  conditions  necessary  to  induce  cytotoxic  macrophages. 

Proteose-peptone  elicited  macrophages  do  not  suppress  lymphokine  produc- 
tion in  vitro.  However,  if  these  cells  were  treated  with  lymphokine-containing 
supernatants  and/or  endotoxin,  they  were  able  to  suppress  lymphokine  produc- 
tion by  activated  lymphocytes.  The  requirements  for  activation  to  suppression 
were  a  little  different  than  for  activation  to  cytotoxicity,  in  that  MAF  alone 
could  induce  macrophages  to  be  suppresive,  whereas  endotoxin  was  required,  in 
addition  to  MAF,  for  macrophages  to  become  cytotoxic.  As  with  the  macrophages 
activated  in  vivo,  suppression  was  only  seen  when  the  macrophages  were  present 
at  the  initiation  of  culture.  Activated  macrophages  did  not  suppress  if  they 
were  added  4-6  hr  later.  LPS  alone  could  induce  suppressor  cells  and  the  dose 
response  was  similar  to  that  required  to  activate  macrophages  to  become  cyto- 
toxic. Therefore,  it  appears  that  macrophages  do  not  have  to  be  activated  as 
much  to  be  suppressive  as  they  do  to  be  cytolytic. 

VI.  Modulation  of  NK  Activity 

The  levels  of  NK  activity  vary  in  mice  depending  on  a  number  of  factors. 
Identifying  the  mechanisms  that  can  both  increase  and  decrease  NK  activity 
would  provide  methods  for  modulating  the  activity  in  vivo,  thus  enabeling  us  to 
determine  the  relative  importance  of  this  function  in  surveillance  against 
tumors. 

A.  Genetic  Factors  Regulating  NK  Activity 

In  mice,  multiple  genes  control  the  expression  of  NK  activity  and 
experiments  have  been  initiated  to  study  the  interactions  among  some  of  these 
genes.  F.  hybrids  between  strains  of  mice  that  have  low  NK  activity  generally 
have  intermediate  to  high  NK  activity.  However,  (SJL/J  x  A/J)F-  mice  had  low 
NK  activity,  suggesting  that  these  strains  share  some  genes  that  code  for 
factors  resulting  in  low  NK  activity.  Further  testing  on  the  F?  progeny 
suggested  that  one  gene  is  responsible  for  this  low  activity  and  attempts  are 
now  in  progress  to  place  this  gene  on  other  backgrounds,  to  produce  congenic 
mice  with  high  and  low  NK  activity. 

B.  Effects  of  C.  parvum  on  Murine  NK  Activity 

C.  parvum  can  either  augment  of  suppress  murine  NK  activity  depend- 
ing on  the  route  of  injection  and  the  time  after  administration.  Since  C. 
parvum  is  a  complex  organism,  containing  a  large  number  of  components,  it  is 
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conceivable  that  one  of  these  components  may  mediate  augmentation  of  NK  activi- 
ty, possibly  through  induction  of  interferon  (IF),  while  another  may  initiate 
suppression  of  NK  activity.  Different  strains  of  anaerobic  corynebacteria 
were  evaluated  for  their  ability  to  modulate  murine  splenic  NK  activity  in 
vivo.  Furthermore,  to  facilitate  screening  of  various  C.  parvum  preparations, 
an  in  vitro  system  for  augmentation  of  murine  NK  activity  has  been  develped. 
This  augmentation  occurred  after  overnight  incubation  of  cells  and  was  macro- 
phage dependent.  An  additional  advantage  of  this  system  is  that  titers  of 
induced  IF  can  be  assayed. 

Three  days  after  ip  injection  of  C.  parvum  strain  6134  or  4182,  or 
after  overnight  incubation  in  vitro,  augmentation  was  observed.  Fourteen  days 
after  iv  injection  of  6134,  but  not  4 182,  there  was  a  marked  depression  of  NK 
activity  that  could  not  be  overcome  with  in  vitro  treatment  with  IF  or  in  vivo 
boosting  with  agents  that  augment  NK  activity.  Hence  there  was  a  dissociation 
between  the  effects  of  these  two  strains  of  C.  parvum  on  NK  activity. 

A  similar  dichotomy  was  observed  with  chemically  modified  C.  parvum, 
strain  6134.  Periodate-treated  C.  parvum  retained  all  of  its  effects  of  NK 
activity  although  it  lost  some  of  its  other  immunodulating  activity.  HC1- 
modified  C.  parvum  retained  its  ability  to  augment  NK  activity  in  vitro  and  in 
vivo  but  lost  its  ability  to  suppress  this  activity.  These  data  show  that  it 
is  possible  to  separate  the  suppressive  and  augmentative  effects  of  C.  parvum 
on  NK  activity. 

C.   Augmentation  of  NK  Activity  by  Antibody  and  Lectins 

The  effect  of  alloantibody  (allo-Ab)  and  lectins  on  murine  NK 
activity  and  the  role  of  IF  in  this  system  were  examined  to  determine  whether 
there  were  alternate  pathways  via  which  NK  activity  could  be  augmented.  Allo- 
Ab  increased  the  NK  activity  against  both  Fc  positive  (K562)  and  Fc  negative 
(MOLT-4)  human  target  cells.  Mature  T  cells,  B  cells  and  macrophages  did  not 
appear  to  be  involved  since  nylon  wool  nonadherent  spleen  cells  from  nude  mice 
displayed  similar  patterns  of  cytotoxicity.  Monclonal  antibodies  against  H-2, 
Thy  1 .2  and  at  least  one  against  la  also  augmented  NK  activity  while  monoclonal 
antibodies  against  LyT-1  or  LyT-2  did  not.  It  is  possible  that  only  antibodies 
against  antigens  expressed  on  NK  cells  have  the  capacity  to  modulate  the 
activity  in  this  manner. 

Since  NK  cells  have  receptors  for  Helix  pomatia  (HP)  lectin,  the 
effect  of  HP  on  the  NK  activity  of  splenic  effector  cells  from  nude  mice 
against  K562  target  cells  was  examined.  HP  increased  the  NK  activity  in  a  dose 
dependent  manner;  the  effect  could  also  be  observed  by  pretreating  the  effector 
cells  and  could  be  inhibited  by  N-acetyl-galactosamine,  the  sugar  to  which  HP 
binds.  Eighteen  other  lectins  were  tested  for  their  effect  on  NK  activity  with 
some  lectins,  including  peanut  agglutinin  (Arachis  hypogaea) ,  soybean  agglu- 
tinin (Glycine  max)  and  phytoheraagglutinin,  giving  enhanced  activity  while 
others,  such  as  Dolichos  biflorus  agglutinin  and  Concanavalin  A,  did  not  have 
any  effect  on  NK  activity. 
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Several  types  of  experiments  were  performed  to  examine  the  mechanism 
of  boosting  and  indicated  that  interferon  (IFN)  did  not  play  a  role:  a)  no 
detectable  levels  of  IFN  were  found  in  the  cultures,  b)  IFN  did  not  substan- 
tially boost  NK  activity  against  K562  target  cells,  and  c)  metabolic  inhibitors 
that  block  boosting  by  IFN  had  no  effect  on  boosting  by  antibody  or  lectins. 

VII.   Receptors  for  Helix  pomatia  Lectin  (HLR)  on  NK  and  Other  Cells 

Helix  pomatia  lectin  has  been  reported  to  bind  to  T  lymphocytes  and  NK 
cells  in  several  species.  In  an  attempt  to  learn  if  the  HLR  was  expressed  on 
other  cell  types,  experiments  were  performed  using  rosetting,  immunof loures- 
ence  and  affinity  columns  to  identify  and  separate  subpopulations  of  HLR  posi- 
tive cells.  Lectin  receptors  were  found  on  the  membrane  of  approximately  90$ 
of  peripheral  T  lymphocytes,  75$  of  thymocytes,  30$  of  bone  marrow  cells,  20$ 
of  nude  spleen  cells,  15-50$  of  peritoneal  exudate  macrophages,  and  a  subpopu- 
lation  of  peritoneal  exudate  mast  cells.  Approximately  5$  of  B  lymphocytes 
were  weakly  positive,  and  neutrophils  were  negative.  Receptors  were  present 
also  on  a  subpopulation  of  cells  from  a  fibroblast  cell  line  and  in  acetone 
powder  from  the  liver  and,  at  a  lower  level,  from  the  kidney  and  brain. 
Membrane  receptors  on  all  cell  types  were  partially  detectable  without 
neuraminidase  treatment  of  the  cells.  Two  methods  of  fractionating  Helix 
lectin  positive  cells  were  employed,  which  gave  significantly  different 
results.  Essentially  all  natural  killer  cells  bound  to  the  Helix  lectin- 
agarose  column,  as  well  as  a  considerable  number  of  B  lymphocytes.  Cytotoxic  T 
cells  were  heterogeneous:  most  were  not  bound,  but  a  considerable  fractin  was 
bound  and  eluted.  By  rosetting  and  depletion  using  density  fractionation,  T 
cell  mitogen  responses  were  abolished,  while  B  cell  mitogen  responses,  T  cell 
cytotoxicity  and  natural  killer  cytotoxicity  were  only  slightly  affected,  if 
at  all. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  immune  response  to  neoplasia  is  very  complex  and  involves  not  only  the 
interaction  between  host  effector  cells  and  tumor  cells,  but  also  interactions 
among  the  various  subpopulations  of  leukocytes.  Some  cells  and/or  factors  may 
serve  to  amplify  the  immune  response,  while  others  may  suppress  it.  We  have 
been  studying  some  of  these  interactions  on  several  levels  to  learn  more  about 
the  host  effector  mechanisms  that  are  antagonistic  to  the  growth  of  the  tumor 
and  about  the  factors  or  cells  that  regulate  the  development  of  these  re- 
sponses. 

Macrophages  are  capable  of  modulating  the  host's  response  to  the  tumor, 
both  by  their  ability  to  act  as  accessory  cells  in  the  development  of  an  immune 
response  and  by  their  capacity  to  suppress  development  of  immune  functions.  In 
studies  in  this  latter  area  during  the  past  year,  we  have  found  that  macro- 
phages exert  their  suppressor  activity  very  early  during  the  development  of  the 
immune  response  and  may  act  by  inhibiting  protein  synthesis.  A  delicate 
balance  may  exist  between  the  accessory  function  and  suppressor  function  of 
macrophages  and  the  ability  of  a  host  to  deal  with  a  tumor  may  be  critically 
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affected  by  the  net  state  of  balance  between  these  regulatory  fucntions. 
Understanding  all  these  interactions,  what  influences  them  and  how  they  can  be 
modulate  to  the  benefit  of  the  host,  will  give  us  information  that  we  can  use 
to  assist  the  host  in  dealing  with  its  tumor. 

Macrophages  can  also  have  direct  antitumor  activity.  Studies  on  the 
process  by  which  macrophages  become  activated  have  indicated  that  there  are 
multiple  stimuli  which  are  required  for  macrophages  to  become  cytolytic.  In 
addition,  there  appears  to  be  several  different  stages  of  differentiation 
which  may  be  represented  by  distinct  subpopulations  of  macrophages.  Identify- 
ing the  mechanism  of  macrophage  activation  and  the  subpopulations  involved  in 
this  process  should  provide  information  that  can  be  used  to  establish  immuno- 
therapy regimens. 

Natural  killer  cells  may  have  an  important  role  in  the  protection  of  the 
host  from  tumor  induction  (immune  surveillance)  or  metastasis,  or  in  the  anti- 
tumor response  after  different  types  of  immunotherapy.  Studies  on  the  mechan- 
isms regulating  their  functional  activity  should  not  only  provide  insight  into 
the  control  of  the  cytotoxic  activity  of  these  cells  but  also  provide  the  means 
to  modulate  the  levels  of  activity  in  vivo,  thereby  enabeling  more  detailed 
experiments  about  their  Ln  vivo  relevance  to  be  performed. 

Proposed  Course  of  the  Project: 

During  the  next  year  we  will  continue  our  work  on  macrophage  heterogeneity 
and  macrophage  function  and  on  factors  modulating  NK  activity.  In  general 
macrophage  heterogeneity  will  be  examined  using  monoclonal  antibodies  and 
physical  separation  methods;  macrophage  activation  will  be  probed  by  examining 
the  early  metabolic  events  taking  place  during  activation  and  by  studying  the 
interaction  between  macrophages,  at  different  stages  of  activation,  and 
lymphocytes  or  tumors  cells;  and  modulation  of  NK  will  be  investigated  by 
examining  the  genetic  regulation  of  NK  and  by  studying  endogeneous  or  exogene- 
ous  factors  that  can  augment  NK  activity. 

Work  will  continue  to  identify  different  subpopulations  of  macrophages. 
In  addition  to  the  monoclonal  antibodies  against  macrophage  cell-surface  anti- 
gens that  have  already  been  produced,  additional  hybridomas  will  be  initiated 
in  an  attempt  to  select  antibodies  against  other  subpopulations.  In  conjuntion 
with  this  work,  other  methods  of  distinguishing  subpopulations  will  be 
explored,  such  as  the  physical  separation  of  cells  or  the  use  of  other  anti- 
sera,  such  as  anti-la,  to  determine  whether  the  subpopulations  that  are  being 
identified  are  similar.  Further  attempts  will  be  made  to  characterize  the 
monoclonal  antibodies  that  have  been  produced.  This  will  involve  treatment  of 
macrophages  that  are  used  either  in  vitro  for  studies  on  the  activation  process 
or  in  vivo  for  evaluation  of  functional  activity. 

Macrophage  activation  will  be  examined  from  several  different  aspects. 
Our  studies,  using  metabolic  inhibitors,  on  the  events  taking  place  early  after 
lymphocyte  stimulation,  have  provided  insight  into  the  functions  that  are 
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essential  for  lymphocyte  activation.  A  similar  approach  will  be  employed  to 
study  macrophage  activation.  Protein  and  RNA  synthesis  will  be  assessed  during 
the  early  stages  of  macrophage  activation  to  determine  how  the  cells  are 
altered  by  this  process.  Attempts  will  also  be  made,  using  metabolic  inhibi- 
tors, to  examine  the  metabolic  requirements  for  these  functions.  Macrophage 
activation  initiated  by  different  agents  will  be  compared.  Interferon,  macro- 
phage activation  factor  and  bacterial  lipopolysaccharide  will  be  used,  either 
singly  or  together,  to  activate  macrophages.  Studies  will  be  performed  on  the 
types  of  macrophage  function  that  can  be  detected,  suppresion,  cytostasis, 
cytolysis,  etc.,  and  the  kinetics  of  activation.  Furthermore,  studies  will 
continue  on  the  interaction  between  macrophages  and  lymphocytes  or  tumor  cells 
in  order  to  examine  the  nature  of  the  effect  that  macrophages  have  on  these 
targets. 

Modulation  of  NK  activity  will  be  investigated  using  several  different 
experimental  approaches.  The  breeding  program  which  was  initiated  during  the 
past  year  will  be  continued  in  an  attempt  to  learn  more  about  the  genetic 
factors  that  regulate  NK  activity  and  about  the  interaction  between  these 
factors.  Low  NK  activity  in  one  strain  of  mice  (SJL/J),  appears  to  be  mediated 
by  one  gene.  We  will  attempt  to  place  this  gene  onto  strains  of  mice  that  have 
intermediate  to  high  NK  activity  so  that  strains  of  mice  congenic  for  high  and 
low  NK  activity  can  be  developed.  This  will  provide  models  to  investigate  the 
in  vivo  role  of  NK  activity.  Modulation  of  NK  activity  will  also  be  investi- 
gated using  lectins  and  antibodies  that  react  with  cell  surface  determinants. 
Both  of  these  classes  of  reagents  appear  to  augment  NK  activity,  when  added 
into  the  assay,  without  the  production  of  interferon.  Using  this  technique,  it 
has  been  possible  to  identify  surface  markers  that  appear  to  be  found  on  NK 
cells.  Further  studies  will  be  performed  to  determine  whether  these  surface 
markers  can  be  detected  on  NK  cells  and  attempts  will  be  made  to  separate  NK 
cells  utilizing  reagents  that  react  with  these  surface  markers.  Investiga- 
tions aimed  at  elucidating  the  mechanism  of  boosting  by  these  agents  will  also 
be  initiated.  Finally,  using  interferon  or  chemically  modified  C.  parvum,  we 
will  attempt  to  induce  and  maintain  high  levels  of  NK  activity  in  mice  and  to 
determine  the  effect  of  such  treatment  on  tumor  growth. 
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titers  when  generated  in  conical  tubes.  Both  LAIF  and  leukocyte  inhibitory  factor 
(LIF)  required  the  presence  of  monocytes  for  their  production.  LIF  production  was 
inhibited  by  high  concentrations  (17$)  of  monocytes  but  LAIF  was  still  produced 
under  there  conditions.  Monocytes  appeared  to  act  as  an  accessory  cell  for 
antigen  presentation  in  LIF  production  and  there  was  no  detectable  requirement  for 
histocompatibility  locus-D  (HLA-D)  compatibility  between  monocytes  and  lympho- 
cytes for  production  of  LIF.  A  modification  of  the  LAI  assay  was  developed  to 
overcome  problems  of  subjectivity  and  technical  variability.  This  assay  used 
radioisotope  labelled  mononuclear  cells  in  microtiter  plates.  Low  concentrations 
of  interferon  were  shown  to  stimulate  production  of  LIF.  Interferon  stimulation 
was  antigen-dependent  and  appeared  to  be  related  to  more  effective  or  rapid 
interactions  of  monocytes  with  antigen.  Interferon  may  facilitate  or  accelerate 
in  vitro  induction  of  a  primary  immune  response  to  these  antigens 
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Project  Description: 

Objectives: 

A.  Investigation  of  conditions  under  which  leukocyte  adherence  inhibi- 
tion factor  (LAIF)  is  produced. 

B.  Investigation  of  requirement  for  monocytes  in  the  production  of  LAIF 
and  leukocyte  migration  inhibitory  factor  (LIF). 

C.  Development  of  radioisotopic  modification  of  the  original  hemocyto- 
meter  leukocyte  adherence  inhibition  (LAI)  assay. 

D.  Investigation  of  requirement  for  HLA-D  locus  compatibility  in  inter- 
action between  human  monocytes  and  lymphocytes  during  LIF  production. 

E.  Investigation  of  the  release  of  human  LIF  by  blood  mononuclear  cells 
in  the  presence  of  interferon  (IF)  and  antigen. 

Methods  Employed: 

Migration  Inhibition  Assay:  Indirect  agarose  microdroplet  migration 
inhibition  tests  were  run  with  LIF  production  by  human  mononuclear  cells  and 
tested  on  human  granulocytes  as  indicator  cells. 

Leukocyte  Adherence  Inhibition  Assays:  Both  direct  and  indirect  assays 
were  oerformed  with  human  mononuclear  cells.  Using  the  hemocytometer  LAI  assay 
and  Indium  modification.  The  indirect  assays  were  run  with  LAIF  produced 
with  human  mononuclear  cells,  tested  on  human  whole  peripheral  blood  leuko- 
cytes. 

Cell  Separations:  Adherent  cells  from  human  blood  mononuclear  cells  were 
prepared  by  incubation  on  microexudate-coated  flasks.  The  nonadherent  cells 
were  then  used  or  further  depleted  of  adherent  cells  by  Sephadex  G-10  separa- 
tion. 

Major  Findings 

1.  Production  of  Mononuclear  Cell  Supernatants  with  High  Titers  of  LAIF 
Activity 

Human  LAIF  has  been  shown  to  be  produced  by  sensitized  T  lymphocytes  in 
response  to  antigen.  The  model  system  studied  here  used  PPD  as  the  antigen  and 
mononuclear  cells  were  obtained  from  tuberculin  skin  test-positive  donors. 
Human  LIF  was  previously  found  to  be  produced  in  high  titers  by  cells  in 
conical  tubes,  perhaps  due  to  more  optimal  contact  between  the  interacting 
cells.  When  similar  studies  were  repeated  for  generation  of  LAIF,  supernatants 
produced  in  conical  microfuge  tubes  (5  x  10  cells)  were  found  to  have  titers 
of  10  -10  whereas  those  produced  in  round  bottom  tubes  (1  x  10  cells)  pro- 
duced LAIF  with  low  titers,  <10  .   Generation  of  LAIF  was  dependent  on 
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stimulation  of  immune  cells  with  antigen;  no  LAIF  was  produced  when  cells  from 
tuberculin  skin  test-negative  donors  were  used.  Thus  LAIF  production  was 
affected  by  the  geometry  of  the  culture  vessel  in  a  manner  similar  to  LIF, 
although  the  LAIF  titers  produced  were  not  as  high  as  those  reported  previously 
for  LIF  (10  -10  ). 

In  these  experiments  LAIF  was  measured  in  supernatants  from  cells  incu- 
bated for  24  hours  following  a  2  hour  pulse  with  antigen.  LAIF  production  has 
not  previously  been  reported  under  these  conditions  -  the  supernatants  (still 
containing  the  antigens)  usually  being  tested  after  the  initial  L-2  hour 
incubation  period.   Titers  produced  under  these  conditions  being  <  10  . 

2.  Monocyte  Requirement  for  Production  of  LIF 

Human  peripheral  blood  lymphocytes  from  tuberculin  skin-reactive  donors 
were  purified  by  sequential  depletion  of  monocytes  on  microexudate-coated 
plastic  flasks  and  Sephadex  G-10  columns.  These  cell  populations,  lacking  any 
detectable  monocytes  (<  0.1?)  failed  to  produce  the  lymphokine,  LIF,  in 
response  to  purified  protein  derivation  (PPD),  as  measured  by  the  inhibition  of 
polymorphonuclear  cell  migration  from  agarose  droplets.  Mixture  of  the 
lymphocytes  with  small  numbers  of  autologous  monocytes  restored  the  respon- 
siveness to  PPD.  Addition  of  higher  numbers  of  autologous  monocytes  (17?  final 
concentration)  usually  led  to  no  detectable  LIF  synthesis,  suggesting  inhibi- 
tion of  lymphokine  production  by  an  excessive  number  of  monocytes.  The  mono- 
cyte appeared  to  act  mainly  as  an  accessory  cell  for  antigen  presentation, 
since  LIF  was  produced  when  isolated  monocytes,  preincubated  with  PPD  were 
cultured  with  monocyte-depleted  monadherent  cells. 

Further  studies  were  performed  on  the  monocyte  requirement  for  LIF 
production  to  determine  whether  a  match  at  the  HLA-D  locus  was  required  for 
monocyte-lymphocyte  interaction.  Mononuclear  cells  were  obtained  from 
tuberculin  skin  test-positive  donors  and  their  HLA  phenotype  determined. 
Mononuclear  cells  were  depleted  of  monocytes  and  then  mixed  with  autologous 
monocytes,  or  those  matched  or  incompatible  at  the  HLA-D  locus.  In  these 
experiments,  there  was  no  detectable  requirement  for  a  match  at  the  HLA-D 
locus.  This  is  in  contrast  to  studies  reported  in  lymphocyte  proliferation 
assay  where  a  match  is  essential. 

3.  Monocyte  Requirement  for  Production  of  LAIF 

Supernatants  prepared  as  in  II  above  were  tested  also  in  an  indirect  LAI 
assay,  to  evaluate  production  of  another  lymphokine,  LAIF.  It  was  found  that 
monocytes  were  indeed  required;  complete  removal  of  monocytes  resulted  in  no 
LAIF  production.  The  addition  of  autologous  monocytes  to  monocyte-depleted 
cell  populations  led  to  production  of  LAIF  but  in  contrast  to  the  above  find- 
ings for  LIF,  higher  numbers  of  monocytes  (17?)  did  not  inhibit  lymphokine 
production. 
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4.  Development  of  Automated  Radioisotope  Method  for  Measurement  of  LAI 

The  LAI  assay  as  currently  used  in  laboratories  is  time  consuming,  tech- 
nically demanding  and  large  numbers  of  cells  are  needed  to  test  for  reactivity 
against  a  large  number  of  antigens.  The  original  hemocytometer  assay  appears 
to  be  more  sensitive  and  specific  than  the  most  popular  modification  which  uses 
glass  tubes  as  the  adherence  vessel.  This  difference  in  sensitivity  and 
specificity  may  be  a  reflection  of  the  different  conditions  used  in  the  tube 
assay,  the  major  difference  being  the  lack  of  serum  in  the  medium.  The  main 
technical  problem  associated  with  the  hemocytometer  assay  is  the  visual  count- 
ing, which  limits  the  number  of  reaction  mixtures  which  may  be  tested  on  a 
particular  day.  Also,  each  hemocytometer  must  be  washed  individually  to  remove 
the  non-adherent  cells.  This  leads  to  considerable  variability  in. the  assay. 
The  assay  developed  here  uses  mononuclear  cells  labelled  with  Indium  (as 
Indium  oxine),  a  label  similar  to  Chromium.  The  cells  are  added  to  wells  of 
96-well  microeliza  plates  at  a  concentration  of  5  x  10  cells/well  (0.1ml)  and 
antigen  or  medium  (containing  20?  fetal  bovine  serum)  is  added.  The  plate  is 
incubated  for  2  hours  at  37°C  and  the  nonadherent  cells  removed.  The  adherent 
cells  are  then  enumerated  in  a  gamma  counter.  This  modification  was  developed 
using  split  samples  of  blood,  with  the  other  sample  being  tested  in  the 
original  hemocytometer  assay.  Both  assays  gave  comparable  results,  but  the 
modified  assay  was  found  to  be  more  objective,  less  variable,  and  more  amenable 
to  testing  of  large  numbers  of  samples. 

5.  Release  of  Human  LIF 

The  ability  of  IF  to  affect  host  immune  systems  is  now  widely  recognized. 
Somewhat  dependent  on  dosage  levels,  IF  has  both  stimulatory  and  inhibitory 
actions  on  a  variety  of  immune  parameters  including  antibody  production,  allo- 
graft rejection  responses,  graft  versus  host  reactions  and  augmentation  of 
cytotoxicity  by  natural  killer  lymphocytes  and  macrophages.  This  study  was 
designed  to  determine  the  possible  stimulation  of  antigen-triggered  production 
of  LIF  from  human  mononuclear  (MN)  cells  in  the  presence  of  IF. 

MN  cells  from  tuberculin  skin  test-negative  individuals  were  incubated 
with  PPD  for  two  hours  with  or  without  IF,  washed  and  then  cultured  for  24 
hours  in  the  presence  of  media  without  PPD  or  IF.  Culture  supernatants  were 
harvested  and  assayed  for  LIF  activity  by  the  inhibition  of  migration  of  human 
polymorphonuclear  cells  from  agarose  droplets.  In  the  absence  of  IF  none  of  22 
tuberculin  skin  test-negative  donors  produced  LIF  in  response  to  PPD.  In 
contrast,  18/23  (78?)  tuberculin  negative  individuals  released  LIF  following 
PPD  stimulation  in  the  presence  of  IF.  LIF  was  also  produced  by  MN  cells  when 
exposed  for  only  5  minutes  to  IF,  washed  and  then  incubated  with  PPD.  LIF  was 
detectable  after  the  exposure  of  MN  cells  from  some  individuals  with  as  little 
as  33  units  of  IF  and  100-333  units- was  sufficient  with  most  of  the  other 
donors.  Higher  doses  of  IF  (10-10  units)  usually  failed  to  stimulate  LIF 
release.  Further,  antisera  against  IF  completely  abolished  the  effect  of  IF  on 
LIF  production. 
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Stimulation  of  LIF  production  in  the  presence  of  IF  was  also  detected 
after  exposure  of  MN  cells  of  normal  donors  to  another  antigen:  a  3M  KC1 
extract  of  lung  carcinoma  tissue  (7661)  known  to  be  antigenic  in  LIF  assays 
with  lung  cancer  patients  but  not  to  normal  donors.  None  of  30  normal  donors 
reacted  to  the  7661  extract  alone  whereas  13/30  (^3%)  produced  LIF  in  response 
to  extract  in  the  presence  of  IF. 

MN  cells  of  normal  donors  were  also  incubated  with  a  third  antigen, 
keyhole  limpet  hemacyanin  (KLH),  in  the  presence  of  IF.  A  total  of  10/12  (82?) 
KLH  non-sensentitive  normal  donors  produced  LIF  following  exposure  to  KLH  in 
the  presence  of  IF,  as  compared  to  none  of  12  normal  donors  tested  without  IF. 
The  data  with  the  KLH  antigen  largely  excluded  the  possibility  that  the 
individuals  with  positive  LIF  responses  in  the  presence  of  IF  with  the  PPD  and 
lung  cancer  antigens  might  be  due  to  a  low  level  presensitization,  with  in 
vitro  IF  treatment  augmenting  the  usually  undetectable  immune  response  to 
these  antigens. 

Studies  with  subpopulations  of  MN  cells  using  G-10  Sephadex  column 
separation  techniques,  suggested  that  IF  augmentation  of  LIF  production 
occurred  at  the  level  of  the  monocyte.  When  separated  monocytes  were  treated 
with  IF  and  then  added  into  T  and  B  lymphocytes  depleted  of  monocytes,  LIF  was 
released  following  exposure  to  antigen.  In  contrast,  IF-treated  T  and  B 
lymphocytes  depleted  of  monocytes,  folllowed  by  addition  of  untreated  mono- 
cytes, failed  to  produce  LIF  in  the  presence  of  antigen. 

Significance  to  Biomedical  Research: 

The  ability  to  successfully  develop  sensitive  and  reproducible  cellular 
immunity  assays  is  of  considerable  importance.  This  should  permit  the  possible 
application  of  the  assay  for  diagnosis  of  cancer  or  for  monitoring  disease 
progression  or  response  to  therapy.  This  would  fall  under  Objective  IV, 
Approach  4  of  the  National  Cancer  Plan. 

Studies  of  the  basic  immunology  of  lymphokine  production,  the  conditions 
under  which  the  lymphokines  are  produced  and  the  cellular  requirements  for 
optimal  production  following  antigen  stimulation  have  great  importance  in  the 
development  of  assays  to  be  used  for  diagnosis  and  prognosis. 

Future  Studies: 

The  radioisotipic  modification  of  the  LAI  assay  will  be  evaluated  in  a 
blind  study  of  patients  with  breast  cancer  and  colon  cancer  to  determine  its 
reliability  as  a  diagnostic  test. 

Studies  on  the  lymphokine  LAIF  will  be  made  to  determine  the  character- 
istics of  this  lymphokine  and  its  relationship  to  known  lymphokines. 

The  LAI  assay  will  be  used  to  evaluate  the  reactivity  of  breast  cancer 
patients  to  antigens  of  mouse  mammary  tumor  virus.   Such  reactivity  has  been 
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demonstrated  in  breast  cancer  patients  using  the  LMI  assay. 

Studies  using  the  mouse  mammary  tumor  virus  (MTV)  in  the  C3H/HeN  mouse 
model  will  be  undertaken  to  investigate  the  role  of  suppressor  cells  in  the 
lack  of  reactivity  to  MTV  antigens  by  older  mice  infected  with  MTV  or  tumor- 
bearing  mice.  These  mice  have  been  shown  to  be  reactive  early  in  tumor 
development  and  the  later  lack  of  reactivity  may  be  due  to  the  presence  of 
suppressor  cells.  The  nature  of  the  suppressor  cells  and  their  mode  of  action 
will  be  investigated. 
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tumor-bearing  C3H/HeN  mice.  In  Ferrone,  S.  ,  Gorini,  S.  ,  Herberman,  R.B.,  and 
Reisfeld,  R.A.  (Eds.):  Current  Trends  in  Tumor  Immunology.  New  York,  Garland 
STPM  Press,  1979,  pp.  17-30. 

McCoy,  J.L.,  Dean,  J.H.,  Cannon,  G.B.,  and  Herberman,  R.B.:  Cell-mediated 
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R.  (Ed.):   Chicago  Symposium,  in  press. 
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2363-2370,  1979. 
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tion inhibitory  factor  and  leukocyte  adherence  inhibition  assays.  In  Manual  of 
Clinical  Immunology,  in  press. 

Suslov,  I.,  McCoy,  J.L.,  and  Herberman,  R.B.:  Release  of  human  leukocyte 
inhibitory  factor  (LIF)  by  blood  mononuclear  cells  in  the  presence  of  inter- 
feron (IF)  and  antigen.  Ann.  NY  Acad.  Sci.,  in  press. 

McCoy,  J.L.,  Braatz,  J. A.,  Ames,  R.S.,  and  Herberman,  R.B.:  Production  and 
characterization  of  supernatants  with  high  titers  of  human  leukocyte  inhibi- 
tory factor  (LIF).  J.  Immunol.,  in  press. 

Tagliabue,  A.,  Mantovani,  A.,  Boraschi,  D. ,  and  Herberman,  R.B.:  Species- 
restricted  effects  of  human  and  mouse  lymphokines  on  macrophages.  Eur.  J. 
Immunol.,  in  press. 

McCoy,  J.L.  and  Ames,  R.S.:  Production  and  analysis  of  macrophage  inhibitory 
factor  and  human  leukocyte  inhibitory  factor.  In  Herscowitz,  H.B.,  Holden, 
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summary  of  work  (200  words  or  less  -  underline  keywords)  A  radioimmunoassay  (RIA)  for  a  human 
lung  tumor-associated  antigen  (hLTAA)  is  being  evaluated  for  its  potential  use  in 
diagnosis  and/or  monitoring  of  lung  cancer  patients.  The  antigen  detected  is 
immunochemically  cross-reactive  with  a  normal  plasma  protein,  a  -antichymotrypsin 
(ACT).  Studies  have  been  aimed  at  eliminating  or  circumventing  interference 
caused  by  ACT  in  the  RIA.  We  have  demonstrated  that  the  two  proteins  differ  in 
their  binding  site  for  chymotrypsin  since  a)  ACT  totally  inactivates  the  enzyme 
whereas  the  hLTAA  has  no  effect  on  chymotrypsin  activity,  and  b)  only  ACT  will 
bind  to  insolubilized  chymotrypsin/agarose.  Initial  attempts  to  remove  all 
cross-reactive  ACT  from  plasma  using  chymotrypsin/agarose  have  so  far  been  un- 
successful, but  these  studies  will  continue.  The  RIA  in  its  present  form  has  been 
used  to  examine  sera  from  more  than  130  normal  individuals  as  well  as  over  300 
lung  cancer  patients.  In  addition  24  lung  cancer  patients  have  been  sampled 
serially  for  periods  of  5  to  19  months.  In  general  there  is  positive  correlation 
between  marker  level  and  disease  status.  A  murine  T  cell  hybridoma  was  prepared 
which,  after  cloning,  is  a  stable  producer  of  macrophage  migration  inhibitory 
factor  and  macrophage  activating  factor.  This  will  be  used  as  a  source  for  future 
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Project  Description 

Objectives:  The  objectives  of  this  project  are:  1)  purify  and  charac- 
terize human  tumor-associated  antigens  (hLTAA),  2)  compare  purified  antigens 
in  terms  of  their  physicochemical  properties  and  their  structural  and  immuno- 
chemical relationships,  3)  develop  radioimmunoassays  (RIA)  for  quantitating 
these  antigens,  4)  assess  the  usefulness  of  the  RIA  in  the  diagnosis  of  lung 
cancer  and  for  monitoring  the  course  of  disease,  5)  study  the  biological  role 
of  these  antigens  in  the  tumor,  6)  isolate  and  characterize  lymphokines  that 
activate  and/or  inhibit  the  migration  of  macrophages  and  7)  produce,  charac- 
terize and  maintain  a  T  cell  hybridoma  which  would  be  a  constant  source  of 
lymphokines  for  Objective  #6. 

Methods  Employed:  Radioiodination  of  purified  protein  antigens.  Radio- 
immunoassays using  the  purified,  trace-labeled  protein  antigens.  Standard 
biochemical  isolation  and  analytical  techniques  including  gel  filtration; 
ion-exchange  chromatography;  affinity  chromatography;  acrylamide  gel  electro- 
phoresis; isoelectric  focusing;  ultraviolet,  visible  and  fluorescence  spec- 
troscopy; ultracentrifugation;  lyophilization;  etc.  Autoradiography.  Immuno- 
chemical techniques  such  as  double  diffusion  in  gel,  radial  immunodiffusion 
and  Immunoelectrophoresis.  Techniques  related  to  cell  hybridization  studies 
directed  at  the  hybridization  of  murine  lymphoid  cells  and  long  term  mainten- 
ance of  hybrid  cells  in  culture.  Detection  of  products  of  hybrid  and  activated 
cells  using  assays  for  elastase,  plasminogen  activator,  DNA,  and  factors  B  and 
C2.  Agarose  droplet  technique  for  migration  inhibition  factor  (MIF).  In  vitro 
activation  of  cytotoxic  macrophages.  Computerized  analysis  and  graphic  repre- 
sentation of  RIA  and  other  results  using  personal  programs  as  well  as  public 
programs,  such  as  MLAB. 

Major  Findings: 

I.  Studies  on  a  Human  Lung  Tumor-Associated  Antigen 

The  previously  described  RIA  for  a  hLTAA  has  been  used  to  examine  a  large 
number  of  human  sera.  Sera  from  more  than  100  normal  individuals,  many 
patients  with  benign  disease,  and  approximately  300  patients  with  lung  cancer 
have  been  assayed.  All  major  lung  cancer  cell  types  have  been  included,  and 
some  patients  have  been  tested  before  and  after  surgical  resection.  The  assay 
distinguishes  sera  of  normal  individuals  from  patients  with  malignant  disease, 
but  may  not  be  specific  for  malignant  lung  disease.  There  is  also  evidence  for 
a  positive  correlation  with  the  extent  of  disease.  More  specifically,  of  104 
normal  sera,  only  1  (<1#)  had  hLTAA  levels  greater  than  400ug/ml.  The  mean 
value  for  this  group  was  210+55ug/ml.  On  the  other  hand  213/271  patients  with 
lung  cancer  (79%)  had  levels  greater  than  400ug/ml.  Elevated  levels  were  found 
in  35/74  (47$)  of  patients  with  non-lung  malignancies  whereas  4/25  (16$) 
patients  with  begnign  lung  disease  had  levels  above  400ug/ml. 

In  addition,  24  patients  with  lung  cancer  have  been  available  for  serial 
serum  sampling,  for  periods  of  5  to  19  months.  In  general,  there  is  a  positive 
correlation  between  disease  status  and  marker  levels,  and  this  is  especially 
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evaluated  by  autoradiography.  While  still  preliminary,  ACT  appears  to  focus  as 
three  components  from  pH  4.6-4.8  whereas  the  hLTAA  yields  four  bands  between  pH 
3.6-3.85.  All  forms  of  both  proteins  are  converted  to  less  acidic  forms  as  a 
result  of  neuraminidase  treatment.  In  addition,  this  conversion  by  neuramini- 
dase is  blocked  by  free  sialic  acid,  thereby  ruling  out  contaminating  protease. 
We  are  currently  attempting  to  adapt  this  system  for  use  with  serum  samples 
after  which  the  proteins  would  be  eluted  from  the  IEF  gel  and  quantitated  using 
the  RIA. 

In  parallel  with  these  studies  aimed  at  quantitating  hLTAA  in  the  presence 
of  a  similar,  cross-reacting  protein,  we  have  been  attempting  to  isolate  and 
characterize  other  types  of  hLTAA,  devoid  of  these  difficulties.  The  antisera 
to  human  lung  tumor  tissue  we  are  using  can  be  shown  to  be  polyspecific,  when 
insolubilized  and  used  as  an  affinity  immunoadsorbent.  Thus,  in  experiments 
using  this  adsorbent  we  have  isolated  4-6  protein  components  from  crude  lung 
tumor  extracts.  One  of  these  is  the  material  related  to  plasma  ACT  described 
above.  Some  of  the  other  antigens  are  now  being  isolated  and  studied,  and 
initial  results  indicate  that  they  are  distinct  from  the  hLTAA-ACT  system.  In 
fact,  they  appear  not  to  be  cross-reactive  with  any  component  in  normal  plasma 
and  may  therefore  be  more  tumor-associated.  A  quantitative  radial  immuno- 
diffusion (RID)  technique  monitors  the  newer  antigens  as  opposed  to  the  RIA 
which  detected  the  previously  described  I-hLTAA.  The  discrepancy  may 
reside  in  the  fact  that  the  two  assays,  the  RID  and  the  RIA,  use  the  same 
antisera  but  at  vastly  different  concentrations  (undiluted  in  the  RID  and  at 
1:10,000  in  the  RIA).  Thus  it  is  conceivable  that  antibody  populations  of 
different  affinities  are  recognizing  different  antigens  in  each  assay.  Rely- 
ing primarily  on  the  RID  as  a  means  of  following  antigen,  we  have  undertaken 
the  purification  of  another  hLTAA  form,  and  on  a  much  larger  scale.  To  avoid 
confusion,  this  antigen  is  being  tentatively  referred  to  as  LT-120,  after  the 
numerical  designation  of  the  lung  tumor  from  which  it  was  isolated.  Using  ion- 
exchange,  gel  filtration  and  affinity  chromatography,  LT-120  has  been  purified 
approximately  1000-fold  and  is  near  homogeneity.  One  attempt  at  radiolabeling 
this  material  has  yielded  a  product  of  low  specific  activity.  If  this  problem 
persists  we  may  have  to  consider  an  alternate  assay,  such  as  an  enzyme-linked 
immunosorbent  assay  (ELISA),  for  quantitating  this  protein  in  clinical 
samples. 

Problems  encountered  while  isolating  tumor  antigens  from  different  human 
lung  tumors  should  be  cirumvented  by  the  use  of  established  human  lung  tumor 
cell  lines.  To  this  end  we  have  recently  begun  a  systematic  examination  of 
available  cell  lines  for  production  of  antigen(s)  recognized  by  our  antisera. 
Of  the  three  lines  so  far  examined,  one  is  a  good  producer  of  an  antigen  which, 
by  immunoprecipitation  analysis,  is  identical  to  LT-120.  This  line  may  prove 
useful  as  a  source  of  antigen  and  as  a  means  of  studying  some  of  its  biological 
properties.  At  least  five  additional  lines  will  be  similarly  tested  for 
antigen  production. 
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evident  in  those  patients  who  have  been  monitored  before  and  after  successful 
resection  for  localized  disease. 

Although  the  current  version  of  this  RIA  has  a  high  baseline  due  to  the 
cross-reactivity  of  serum  a.-antichymotrypsin  (ACT),  serial  quantitation  of 
ACT  in  the  sera  of  the  above  patients  demonstrates  essentially  constant  levels, 
in  discordance  with  the  profiles  of  hLTAA.  Also,  reciprocal  plots  of  hLTAA  and 
ACT  in  the  sera  of  patients  with  some  non-lung  malignancies,  show  a  very  high 
degree  of  association,  indicating  that  the  apparent  non-specific  elevations  of 
hLTAA  in  the  RIA  in  these  patients  may  be  due  to  elevations  of  ACT. 

In  order  to  circumvent  this  difficulty  of  cross-reactivity  we  have  been 
comparing  the  properties  of  hLTAA  and  ACT  since  a  better  understanding  of  their 
properties  may  lead  to  a  simple  method  for  eliminating  the  inhibition  by  ACT  in 
the  RIA,  thereby  rendering  the  assay  specific  for  hLTAA.  One  property  of  these 
proteins  that  we  have  been  examining  is  their  spectrum  of  antiprotease  activi- 
ty. As  its  name  implies,  ACT  is  an  inhibitor  of  chymotrypsin  activity.  We 
have  purified,  to  apparent  homogeneity,  ACT  from  normal  human  plasma,  using 
inhibition  in  the  RIA  as  an  assay  during  purification.  We  subsequently  demon- 
strated this  inhibitor  to  be  identical  to  plasma  ACT.  When  this  purified 
protein  was  tested  for  its  ability  to  inhibit  chymotrypsin  activity,  we  found, 
as  expected,  that  it  inactivated  the  enzyme  on  a  1:1  molar  basis.  The  hLTAA 
was  then  examined  similarly  and  produced,  in  contrast  with  ACT,  no  measurable 
effect  on  chymotrypsin  activity.  This  provided,  for  the  first  time,  a  clear 
distinction  between  hLTAA  and  ACT  and  suggested  a  possible  defect  in  the  tumor 
antigen's  binding  site  for  chymotrypsin.  This  binding  defect  has  now  been 
demonstrated  by  measuring  the  binding  of  radioiodinated,  purified  hLTAA  and 
ACT  to  insolubilized  chymotrypsin  (bound  to  agarose).  Whereas  I-ACT  bound 
effectively  and  specifically,  since  the  binding  was  inhibited  by  unlabeled 
ACT,    I-hLTAA  showed  no  binding  above  background. 

The  results  of  these  experiments  suggested  a  possible  method  for  elimi- 
nating interference  in  the  RIA  by  ACT.  Thus  if  patients'  sera  containing  both 
proteins  were,  prior  to  analysis  in  the  RIA,  adsorbed  with  chymotrypsin/ 
agarose,  only  hLTAA  would  then  be  detected  in  the  assay.  Initial  attempts, 
however,  have  been  disappointing  since  it  seems,  at  least  using  the  conditions 
defined  so  far,  that  only  a  portion  of  the  immunoreactive  forms  of  ACT,  about 
50% ,  can  be  depleted  by  this  technique.  Modifications  in  the  method  will  be 
explored  as  we  continue  our  attempts  at  developing  a  more  specific  RIA  for 
hLTAA. 

Recently,  a  considerable  effort  has  been  made  to  study  the  isoelectric 
focusing  (IEF)  properties  of  the  hLTAA  and  ACT.  Previous  work  suggested  that 
the  two  proteins  may  be  separable  by  this  method  and  we  therefore  have  been 
examining  various  conditions  of  IEF  as  another  possible  method  for  ultimately 
measuring  serum  hLTAA  levels  without  ACT  interference.  Isoelectric  focusing 
on  polyacrylamide  slab  gels  (PAGIEF)  using  a  gradient  from  pH  3-6  gives  good 
separation  of  the  two-proteins.  For  this  purpose  both  purified  proteins  were 
radiolabeled  with    I  using  chloramine-T  and  the  focusing  patterns  were 
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II.   Studies  on  Murine  Lymphokines 

Work  has  continued  on  the  murine  macrophage  migration  inhibition  factor 
(MIF),  toward  the  ultimate  goal  of  purification,  characterization,  and  under- 
standing its  effects  and  mechanism  of  action  on  the  macrophage.  However,  in 
this,  as  in  other  laboratories,  progress  has  been  limited  due  to  exceedingly 
small  quantities  of  the  factor.  Large  scale  production  of  MIF-containing 
supernatants  from  stimulated  mouse  spleen  cells  has  not  been  considered  to  be  a 
reproducible  and  practical  source  of  this  protein.  A  constant  source  of  MIF 
would  go  a  long  way  in  helping  overcome  this  difficult  problem. 

To  this  end,  we  have  attempted,  during  this  past  year,  to  prepare  a  T  cell 
hybridoma  which  produces  MIF  and  could  be  maintained  in  culture.  Fusion  of 
Concanavalin  A-stimulated  mouse  spleen  cells  with  BW5147,  a  mouse  T  cell 
lymphoma,  has  resulted  in  a  hybrid  cell  line  whose  supernatants  contain  MIF  and 
MAF  (macrophage  activating  factor)  activities.  The  relationship  between  MIF 
and  MAF  is  not  clear  and  these  studies  may  provide  a  better  understanding  of 
this  relationship,  i.e.  whether  both  activities  can  be  attributed  to  the  same 
or  different  molecules. 

The  cell  line  has  been  cloned  in  the  absence  of  the  usual  T  cell  feeder 
layer.  This  procedure  has  yielded  one  clone  which  produces  both  activities  and 
has  been  stable  in  tissue  culture  for  six  months.  The  factor (s)  produced  by 
the  cloned  hybrid  cell  causes  inhibition  of  macrophage  migration  (MIF  activi- 
ty) and  stimulates  macrophages  to  produce  complement  components  C2  and  B  (MAF 
activity).  Our  assay  for  C2  production  has  been  the  sensitive  Borsos-Rapp 
technique  modified  for  murine  C2.  Recently  we  have  noted  that  factor  B  of  the 
alternative  complement  pathway  is  also  released  in  increased  amounts  from 
activated  macrophages.  This  component  is  known  to  be  a  potent  MIF  and  may 
account  for  the  concordance  seen  in  our  results.  In  addition,  we  have  explored 
other  ways  of  inducing  macrophages  and  measuring  activities  of  released 
products,  namely  elastase  and  plasminogen  activator.  The  use  of  multiple 
assays  may  lead  to  a  better  definition  of  the  state  of  macrophage  activation 
and  should  be  more  reliable  than  a  single  assay. 

Significance  to  Biomedical  Research 

Studies  on  the  hLTAA  system  are  relevant  to  both  clinical  and  basic 
science.  The  significance  of  the  work  directed  at  developing  a  clinically 
useful  radioimmunoassay  for  the  detection  or  monitoring  of  lung  cancer  is 
obvious.  Results  obtained  so  far  with  the  RIA  for  the  hLTAA  are  promising  and 
suggest  that  further  refinement,  directed  at  eliminating  or  circumventing  the 
cross  reactive  normal  serum  component,  could  yield  a  clinically  useful  assay. 
An  assay  of  this  type  could  potentially  provide  a  powerful  tool  for  initial 
diagnosis  and  for  monitoring  tumor  response  during  therapeutic  trials.  The 
latter  may  provide  a  more  rapid  and  quantitative  assessment  of  the  effect  of 
therapy  and  may  thereby  help  to  determine  the  future  course  of  therapy. 
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The  work  with  the  lymphokines,  MIF  and  MAF,  is  directed  at  obtaining  an 
understanding  of  these  substances  at  the  molecular  level.  Earlier  studies  on 
MIF/MAF  were  hampered  by  the  lack  of  a  constant  source  of  factor,  free  of 
lectin  and  other  lymphokines,  as  well  as  the  lack  of  sufficiently  precise 
assays  for  biochemical  analysis.  Our  cell  line  is  a  first  step  in  solving 
these  problems,  by  providing  a  constant  source  of  factor.  With  the  exception 
of  a  recent  report  on  colony  stimulating  factor,  this  is  the  first  report  of  a 
T  cell  hybrid  producing  a  lymphokine  with  immunologic  enhancing  activity. 
Characterization  of  the  molecule  should  now  be  possible,  which  will  aid  our 
understanding  of  the  _in  vivo  role  of  MIF/MAF. 

Proposed  Course 

During  the  next  year  we  plan  to  continue  these  studies  as  follows: 

I.   HLTAA  Studies 

1.  Evaluation  of  the  RIA  for  hLTAA  will  continue.  Emphasis  will  be 
placed  on  eliminating  ACT  from  serum  samples  in  order  to  specifically  quanti- 
tate  the  hLTAA.  Two  procedures  for  accomplishing  this  will  be  explored:  1) 
removing  ACT  by  adsorption  to  chymotrypsin/agarose  and  2)  separation  of  ACT 
from  hLTAA  by  isoelectric  focusing.  Either  of  these  methods  should  allow  us  to 
accurately  determine  circulating  hLTAA  levels  and  correlate  them  with  disease 
status.  Another  appproach  which  we  have  begun  and  will  continue,  is  to  utilize 
the  RIA  in  its  present  form  (which  measures  both  hLTAA  and  ACT)  and  compare  the 
results  with  those  obtained  using  a  radial  immunodiffusion  assay  which 
measures  only  ACT.  By  difference  we  may  quantitate  hLTAA  levels.  We  have 
already  observed  a  discordance  in  values  obtained  by  the  two  assays,  again 
indicating  that  we  are  dealing  with  two  separate,  but  similar  molecular  enti- 
ties. 

2.  As  another  approach  to  eliminating  the  problems  caused  by  the 
cross-reactive  plasma  protein  in  the  RIA,  we  will  attempt  to  isolate  hLTAA- 
specific  antibodies  from  the  heterospecific  lung  tumor  antisera.  Presumably, 
the  differences  we  have  demonstrated  in  the  binding  site  of  the  two  proteins 
can  be  exploited  for  this  purpose. 

3.  Purified  ACT  is  being  studied  in  light  of  its  relationship  to  the 
hLTAA.  One  important  issue  which  we  hope  to  resolve  is  the  relative  sizes  of 
the  two  proteins.  If  the  HLTAA  is  smaller  than  ACT  it  would  imply  a  degrada- 
tive  process,  as  occurs  with  a. -protease  inhibitor  upon  interaction  with 
trypsin.  If  this  were  the  case  it  could  be  interpreted  as  sequestering  by  the 
tumor  of  plasma  ACT  due  to  tumor  proteases.  On  the  other  hand,  if  the  hLTAA 
proves  to  be  larger  than  ACT,  then  we  would  investigate  the  possiblility  that 
the  tumor  itself  synthesizes  an  aberrant  form  of  ACT  which  we  call  hLTAA.  This 
could  be  due  to  incomplete  processing  leading  to  a  circulating  precursor  of  the 
normal  plasma  counterpart. 
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4.  Purification  of  another  lung  tumor-associated  antigen  designated 
LT-120,  is  nearing  completion  and  appears  to  be  close  to  homogeneity  after 
three  steps.  The  purity  of  this  preparation  is  being  assessed  and  attempts  are 
being  made  to  solve  the  current  difficulties  in  radiolabeling.  Additional 
radiolabeling  procedures,  including  the  Bolton-Hunter  technique,  will  be 
attempted.  Failure  to  prepare  immunoreactive  antigen  with  high  specific 
activity,  will  dictate  that  we  develop  an  enzyme-linked  immunosorbent  assay. 
The  LT120  antigen  is  potentially  quite  important  since  it  is  distinct  from  the 
hLTAA  studied  in  detail  and  described  above,  and  since  it  appears  to  have  no 
cross-reactive  forms  in  normal  plasma.  The  relationship  between  its  circulat- 
ing levels  and  disease  status  will  be  defined  once  a  satisfactory  assay  is 
developed. 

5.  Tissue  culture  lines  will  continue  to  be  studied  as  sources  of 
antigen.  One  line,  E14,  has  already  been  demonstrated  to  produce  an  antigen 
which  precipitates  with  our  antisera.  These  lines  should  prove  invaluable,  not 
only  as  a  source  of  antigen,  but  in  studies  directed  at  biological  properties 
of  the  antigen  as  well. 

II.   Lymphokine  Studies 

1.  We  will  continue  efforts  directed  at  standardizing  the  condi- 
tions for  an  assay  which  would  be  suitable  for  rapidly  and  sensitively  follow- 
ing the  course  of  purification. 

2.  Biochemical  characterization  of  the  active  factor  will  be  a  high 
priority  project.  Progress  in  characterization  leading  to  increased  knowledge 
•of  the  properties  of  the  lymphokine  will  enable  us  to  reinitiate  studies  on  the 
cell  surface  receptor  for  MIF/MAF.  The  carbohydrate  nature  of  this  receptor 
still  remains  to  be  determined  in  the  murine  system. 

3.  Antisera  will  be  raised  against  purified  factor  as  this  would  be 
an  additional  tool  in  studying  the  chemical  and  biological  features  of  the 
factor. 

4.  The  role  of  factor  B  of  the  alternative  complement  pathway  will 
be  examined  as  a  possible  native  MIF. 
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INTRODUCTION 

The  research  program  of  the  Laboratory  of  Immunobiology  consists  of  studies 
on  the  mechanisms  responsible  for  the  host's  natural  resistance  to  oncogenesis 
and  of  the  search  for  immunologic  methods  to  promote  that  resistance. 
Information  derived  from  these  studies,  particularly  those  carried  out  in  the 
Cellular  Immunity  Section  have  been  applied  to  the  treatment  of  clinical 
Stage  1  human  cancer.   Evidence  has  been  obtained  indicating  that  this 
treatment  may  be  useful  in  the  management  of  human  malignant  melanoma  and  of 
head  and  neck  cancer.   The  design  of  the  clinical  studies  was  based  on  infor- 
mation presented  in  previous  annual  reports  and  rested  mainly  on  the  observa- 
tion that  intratumoral  injection  of  living  BCG  or  a  specially  prepared 
emulsion  of  killed  BCG  was  curative  in  the  guinea  pig,  line  10  hepatoma 
model.   The  guinea  pig  model  is  also  being  used  to  find  optimal  conditions 
for  active  specific  immunization  in  the  treatment  of  malignant  disease  re- 
maining after  surgery.   Irradiated  tumor  cells  (in  admixture  with  emulsified 
BCG  cell  walls)  were  an  effective  immunogen,  but  greater  numbers  of  irradiated 
tumor  cells  were  required  to  produce  therapeutic  results  comparable  to  those 
found  with  living  tumor  cells.   Dose-response  studies  performed  to  define 
optimal  doses  of  irradiated  tumor  cells  demonstrated  a  graded  increase  in 
percent  of  animals  cured  as  a  function  of  increase  in  dose  of  irradiated 
tumor  cells;  no  supraoptimal  dose  of  irradiated  tumor  cells  was  found. 
A  definite  supraoptimal  dose  of  adjuvant  was  detected;  sufficiently  high 
doses  of  BCG  cell  walls  abrogated  the  ability  of  irradiated  tumor  cells 
to  immunize  the  host.  Active  specific  immunotherapy  improved  the  results 
of  surgery  for  stage  II  malignant  disease  in  the  guinea  pig  model.  Optimal 
proportions  of  ingredients  in  immunotherapeutically  active  emulsions  of 
mycobacterial  components  have  been  determined.  Hexadecane  was  an  effective 
substitute  for  mineral  oil  as  a  carrier  for  CW  or  trehalose  dimycolate  in 
the  treatment  of  a  murine  tumor.   The  antitumor  activity  of  ultrasonically 
prepared  hexadecane- in-water  emulsions  of  CW  or  trehalose  dimycolate  depended 
on  the  concentration  of  Tween  in  each  of  the  emulsions.  An  emulsified  mixture 
of  trehalose  dimycolate  and  muramyl  dipeptide  was  effective  in  the  treatment 
of  guinea  pigs  with  established  dermal  tumors  and  microscopic  lymph  node 
metastases.   Studies  have  continued  on  the  nature  of  a  cross  reacting,  or 
common  tumor  rejection  antigen  found  on  a  pair  of  chemically-induced  murine 
fibrosarcomas.   Immunization  of  mice  with  syngeneic  embryo  cells  infected 
with  ecotropic  murine  leukemia  virus  derived  from  one  of  the  fibrosarcomas 
protected  mice  against  a  challenge  of  living  tumor  cells.  The  results  indicate 
that  antigens  coded  for  by  ecotropic  murine  leukemia  virus  may  function 
as  tumor  rejection  antigens  on  chemically-induced  fibrosarcomas.  Attempts 
are  being  continued  to  establish  animal  models  of  primary  autochthonous 
cancer  as  well  as  to  find  naturally  occurring  analogs  of  human  cancer  suitable 
for  mechanistic  and  therapeutic  studies.  Bovine  ocular  squamous  cell  carcinoma 
continues  to  be  the  most -useful  primary  cancer  for  our  purposes.  In  the 
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Humoral  Immunity  Section,  studies  on  immune  hemolysis  have  focused  on  the 
biochemical  events  leading  to  the  formation  of  the  complement  lesion  and 
cell  death.   The  last  component  of  complement  to  react  in  the  sequence, 
C9,  appears  to  have  more  than  one  function  in  the  generation  of  the  membrane 
lesion.   Studies  on  the  influence  of  drugs,  hormones,  enzymes  and  antilipi- 
demic  agents  on  the  susceptibility  of  tumor  cells  to  complement  mediated 
killing  are  being  continued  and  extended  to  include  chemical  analysis  of 
several  different  cell  lines  under  various  treatments.   Alterations  in  cell 
susceptibility  to  humoral  immune  killing  appear  to  be  related  to  the  fluidity 
of  cellular  membranes.   An  additional  variable  that  was  found  to  be  associated 
with  a  cells'  susceptibility  to  immune  killing  was  the  growth  phase  in  which 
it  was  tested.   The  effect  of  this  variable  on  human  cells  differed  from 
that  on  mouse  cells.   Human,  guinea  pig  and  mouse  tumor  cells  differed  in 
their  susceptibility  to  humoral  immune  killing  depending  on  the  specificity 
of  the  sensitizing  antibody  and  the  species  of  complement.   In  contrast 
to  humoral  immune  killing,  lipid  synthesis  did  not  correlate  with  the  suscep- 
tibility of  a  mouse  tumor  cell  to  cell-mediated  killing.   Macrophages 
activated  by  lymphokines  for  tumor  cytotoxicity  exhibit  changes  in  lipid 
uptake,  synthesis  and  mobilization.   Radiolabeled  staphylococcal  Protein  A 
has  been  used  as  a  tracer  in  immunoassays  for  agents  used  in  the  chemotherapy 
of  cancer.   The  method  is  also  being  adapted  for  use  in  the  detection  and 
quantification  of  antigens  on  cell  membranes.   The  ability  of  Protein  A 
to  bind  to  IgG  has  been  used  to  study  the  effect  of  hapten  or  antigen  binding 
to  Fab  sites  on  reactivity  of  the  Fc  region  of  IgG.   A  novel  concept  of 
the  relationship  between  the  structure  and  function  of  the  first  component 
of  complement  (CI)  has  been  postulated  in  an  attempt  to  reconcile  conflicting 
theories  about  the  binding  and  activation  of  CI  in  the  process  of  immune 
cytolysis.   In  the  Immunopathology  Section  studies  are  continuing  on  the 
mechanisms  of  macrophage  activation  for  tumor  cytotoxicity,  on  leukocyte 
chemotaxis  and  on  lymphotoxin.   Evidence  has  been  obtained  indicating  that 
macrophage  activation  for  tumor  cytotoxicity  is  the  end  result  of  a  series 
of  reactions  each  with  its  own  activation  stimulus  and  responsive  cell. 
These  studies  were  facilitated  by  the  availability  of  mouse  strains  with 
genetic  defects  in  the  ability  of  their  macrophages  to  become  activated. 
Macrophage  tumoricidal  activity  and  prostaglandin  E2  synthesis  appear  to 
be  regulated  by  similar  but  distinguishable  mechanisms.   Lymphokine  activity 
for  macrophage  mediated  tumor  cytotoxicity  appeared  to  be  distinct  from 
that  required  for  microbicidal  effects.  A  multiwell  chamber  was  designed 
and  produced  which  together  with  the  use  of  an  image  analyzer  will  greatly 
increase  the  output  and  quality  of  studies  on  chemotaxis.   A  purification 
method  has  been  developed  for  a  human  lymphocyte  derived  chemotaxin.   The 
availability  of  the  purified  material  should  facilitate  clinical  studies 
on  the  influence  of  malignant  disease  on  the  patient's  cheraotactic  responses. 
A  complement-derived  chemotaxin  from  mouse  serum  has  been  purified.   A  con- 
venient method  has  been  devised  to  study  the  chemotaxis  of  neutrophils. 
Subpopulations  of  neutrophils  have  been  detected  on  the  basis  of  which  chemo- 
taxin a  particular  cell  population  responds  to.  Studies  on  desensitization 
of  human  monocytes  to  specific  chemotaxins  have  continued.  Desensitization 
to  one  chemotaxin  has  no  effect  on  the  cell's  response  to  a  different  chemo- 
taxin.  After  removal  of  the  chemotaxin  used  for  desensitization  there  is 
a  gradual  recovery  of  responsiveness.  Studies  on  the  purification  of  macro- 
phage stimulating  protein  have  revealed  that  during  the  process  of  isoelectric 
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focusing  structural  changes  in  the  molecules  can  occur.   Lymphotoxin  production 
appears  to  require  a  T-cell  but  the  cell  that  produces  lymphotoxin  has  not 
yet  bee n  identified. 

I.   CELL  MEDIATED  KILLING  OF  TUMORS 

A.  Immunotherapy  of  malignant  disease  remaining  after  surgery.   Efforts 
to  develop  a  safe  and  effective  vaccine  for  the  immunologic  destruction 
of  microscopic  metastases  remaining  after  surgery  have  continued.   Guinea 
pigs  each  with  an  established  dermal  tumor  (L10)  and  microscopic  metastasis 
in  the  superficial  distal  axillary  lymph  nodes  were  treated  by  excision 

of  dermal  tumors  followed  by  immunotherapy  consisting  of  intradermal  inoculation 
of  living  or  irradiated  tumor  cells  admixed  with  emulsified  mycobacterial 
(BCG)  cell  walls.   Progressive  growth  of  microscopic  metastases  after  surgery 
could  be  prevented  in  a  majority  of  animals  by  immunotherapy.   Unimmunized 
animals  developed  progressively  growing  lymph  node  metastases  and  died  prema- 
turely.  Checkerboard  titrations  were  performed  to  determine  the  optimal 
quantities  and  proportions  of  tumor  cells  and  BCG  cell  walls  required  for 
eradication  of  metastases.   Success  of  vaccine  therapy  was  dependent  on 
the  dose  of  BCG  cell  walls  and  the  dose  of  irradiated  L10  cells  contained 
in  the  vaccine.   We  consistently  found  that  increasing  the  dose  of  L10  cells 
increased  the  proportion  of  animals  cured.   No  supra-optimal  dose  of  L10 
cells  was  found,  up  to  the  highest  dose  tested  (1.2  x  10  cells).  Therapy 
was  also  improved  by  following  the  first  vaccine  injection  with  booster 
injections  containing  L10  cells  alone,  or  with  BCG  cell  walls.  While  BCG 
cell  walls  were  required  for  effective  vaccines,  therapy  was  inhibited  by 
supraoptimal  doses.   Cell  walls  were  effective  over  a  range  of  doses  up 
to  750  ug  but  inhibited  therapy  at  a  dose  of  3mg. 

B.  Cellular  immune  response  after  vaccine  treament.   Studies  were  carried 
out  on  the  cellular  immune  response  induced  by  vaccination.   Intradermal 
administration  of  vaccines  led  to  the  production  of  cells  in  the  spleen 
and  peritoneal  exudate  sensitized  to  antigens  of  L10  tumor  cells.  When 
these  cells  were  transferred  intravenously  to  normal  recipients,  they  enabled 
the  recipients  to  reject  an  intradermal  challenge  with  live  L10  cells. 
Immune  cells  were  detected  14  and  21  days  (but  not  7  days)  after  vaccine 
treatment.  Vaccines  containing  live  L10  cells  appeared  to  be  more  effective 
in  inducing  immune  cells  than  were  vaccines  containing  irradiated  tumor 
cells. 

C.  Treatment  of  micrometastases  in  the  proximal  axillary  (PA)  lymph  node 
(stage  II  disease).  Further  attempts  were  made  to  treat  stage  II  disease 
with  a  combination  of  surgery  and  active  specific  immunotherapy.  After 
palpable  metastases  had  developed  in  the  SDA  lymph  node,  (19  to  21  days 
after  dermal  tumor  implantation)  the  dermal  tumor  and  SDA  lymph  node  were 
excised.   In  previous  experiments  we  had  used  a  single  treatment  with  a 
vaccine  containing  3  x  10  live  or  irradiated  L10  cells.  This  treatment 
significantly  prolonged  survival  time  but  did  not  prevent  the  growth  of 
metastases.  When  live  cell  vaccines  were  used,  the  incidence  of  tumor  growth 
at  the  vaccine  site  was  much  higher  than  had  been  observed  in  treatment 

of  stage  I  disease.  This  problem  was  eliminated  by  using  a  vaccine  modified 
.to  contain  CW  plus  10  irradiated  L10  cells.  This  vaccine  was  administered 
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twice.   The  first  injection  was  given  on  the  ipsilateral  flank  2  days  after 
surgery  and  the  second  was  given  on  the  contralateral  flank  7  days  later. 
This  treatment  prevented  the  growth  of  metastases  in  more  than  half  of  the 
treated  animals.   To  date,  active  specific  immunotherapy  has  failed  to 
benefit  guinea  pigs  with  pathologic  Stage  III  disease. 

D.   Intralesional  immunotherapy  with  natural  and  synthetic  analogs  of  bacterial 
components.   Mycobacterial  components  and  analogs  were  tested  for  antitumor 
activity  and  toxicity.   Intratumoral  injection  of  ultrasonically  prepared 
emulsions  of  the  synthetic  glycolipid  methyl  6-0-(2-tetradecyl-3-hydroxyocta- 
decanoyl)- 9-D-glucopyranoside  (designated  C39)  induced  complete  regression 
of  transplants  of  a  syngeneic  murine  fibrosarcoma  in  most  of  the  treated 
animals  as  did  6 ,6 '-di-0-(2-tetradecyl-3-hydroxyoctadecanoyl)-9,9rtrehalose 
(designated  C76)  in  a  previous  study.   The  C76  compound,  about  twice  the 
molecular  weight  of  C39,  was  more  effective  therapeutically  than  the  smaller 
molecule.   Ultrasonically  prepared  emulsions  of  C39  and  C76  were  not  toxic 
when  given  intravenously.   Intravenously  administered  emulsions  of  C39  prepared 
by  mechanical  grinding  were  more  toxic,  but  less  granulomagenic,  than  those 
containing  C76. 

Hexadecane  was  compared  to  mineral  oil  for  its  influence  on  the  antitumor 
activity  in  mice  of  emulsified  Bacillus  Calmette-Guerin  cell  walls  (CW) 
or  emulsified  trehalose-6 ,6 '-dimycolate  (TDM).   Mice,  each  with  an  established 
transplant  of  a  syngeneic  fibrosarcoma,  received  an  intratumoral  injection 
of  a  graded  dose  of  CW  or  of  TDM  emulsified  with  different  amounts  of  mineral 
oil  or  hexadecane.   Hexadecane  was  an  effective  substitute  for  mineral  oil 
as  a  carrier  of  CW  or  TDM  in  the  treatment  of  the  tumor.   The  number  of 
animals  in  which  tumor  regressed  completely  depended  on  the  concentration 
of  mineral  oil  or  hexadecane  in  the  emulsion. 

The  influence  of  Tween  80,  the  surfactant  used  to  stabilize  the  emulsions, 
on  the  antitumor  activity  of  ultrasonically  prepared  hexadecane-in-water 
emuslions  of  CW  or  TDM  was  studied.   The  number  of  treated  mice  in  which 
tumor  regressed  completely  depended  on  the  concentration  of  Tween  in  each 
of  the  emulsions.   A  range  of  Tween  concentrations  was  found  above  which 
the  preparations  became  less  therapeutically  active.   As  the  concentration 
of  Tween  was  decreased  below  the  optimal  range,  TDM  became  less  therapeutically 
active,  but  CW  retained  antitumor  activity  even  in  the  absence  of  added 
detergent.   Preparations  emulsified  by  grinding  contained  larger  oil  droplets 
than  did  those  prepared  by  ultrasonication  and  their  antitumor  activity 
was  unaffected  by  concentrations  of  Tween  that  were  high  enough  to  inhibit 
the  antitumor  activity  of  ultrasonically  prepared  emulsions  of  mycobacterial 
components. 

Mycobacterium  bovis  (BCG),  M.  phlei  and  M.  smegmatis  were  each  tested  in 
emulsified  form  for  their  potency  to  cause  regression  of  transplants 
of  a  syngeneic  murine  fibrosarcoma  and  of  a  syngeneic  guinea  pig  hepatoma. 
On  a  weight  basis,  M.  phlei  and  M.  smegmatis  were  as  effective  as  BCG  in 
causing  tumor  regression.   M.  phlei  and  M.  smegmatis  were  comparable  to 
BCG  in  provoking  delayed  cutaneous  hypersensitivity  reactions  in  guinea 
pigs  sensitized  to  M.  phlei  or  M.  smegmatis.   In  BCG  sensitized  guinea  pigs 
M.  phlei  and  M.  smegmatis  provoked  weaker  delayed  cutaneous  hypersensitivity 
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reactions  than  did  BCG.   Purified  protein  derivative  of  M.  tuberculosis 

was  more  active  in  eliciting  delayed  cutaneous  hypersensitivity  in  BCG-sensi- 

tized  guinea  pigs  than  in  animals  sensitized  with  M.  phlei  or  M.  smegmatis. 

The  antitumor  activity  of  an  emulsified  mixture  of  cord  factor  (trehalose- 
6,6 '-dimycolate,  a  mycobacterial  glycolipid)  and  synthetic  MDP  (muramyl 
dipeptide)  was  studied  in  guinea  pigs,  each  with  an  established,  syngeneic 
dermal  tumor  and  microscopically  detectable  metastasis  in  regional  lymph 
nodes.   A  single  intralesional  administration  of  the  emulsified  mixture 
was  an  effective  treatment  causing  tumor  regression  and  elimination  of  lymph 
node  metastasis.  C76  could  substitute  for  cord  factor  in  this  mixture. 
Animals  cured  of  their  tumors  by  this  treatment  rejected  a  contralateral 
tumor  cell  challenge.   MDP  was  toxic  to  guinea  pigs  when  given  intralesionally 
at  doses  of  2  mg  or  more  (about  200  times  the  dose  used  for  effective  immuno- 
therapy) as  judged  by  loss  of  weight  and  death. 

Intralesional  administration  of  emulsified  trehalose-6 ,6 '-dimycolate  was 
compared  to  surgery  in  the  treatment  of  mice  with  growing  intradermal  implants 
of  a  syngeneic  fibrosarcoma.   Treatments  were  given  near  or  slightly  before 
the  midpoint  in  time  between  intraderaml  inoculation  of  tumor  cells  and 
average  day  of  death  of  the  untreated  mice.   A  majority  of  mice  in  the 
treatment  groups  and  all  untreated  animals  as  well  as  those  treated  by  intra- 
lesional administration  of  emulsion  lacking  trehalose-6 ,6 '-dimycolate  died 
prematurely.   At  necropsy  most  animals  were  found  to  have  grossly  visible 
metastatic  foci  of  tumor  in  the  lungs.   Treated  mice  survived  significantly 
longer  than  untreated  mice.  Several  mice  died  soon  after  surgery;  no  deaths 
could  be  attributed  to  the  acute  effects  of  immunotherapy. 

E.   Immunological  studies  of  syngeneic  methylcholanthrene-induced  murine 
fibrosarcomas.   Tests  were  performed  to  define  the  specificity  of  the  resis- 
tance produced  by  immunization  of  mice  with  fibrosarcomas  and  living  BCG. 
Mice  known  to  be  free  of  mammary  tumor  virus  immunized  with  cells  of  one 
fibrosarcoma  (A)  were  protected  against  challenge  with  the  fibrosarcoma 
used  for  immunization  as  well  as  a  second  fibrosarcoma  (B),  but  not  a  third 
one  (C).  To  further  analyze  these  tumor  rejection  antigens,  mice  free  of 
mammary  tumor  virus  were  immunized  with  various  normal  and  neoplastic  tissues 
of  syngeneic  mice  and  challenged  with  tumor  A.   Immunization  with  syngeneic 
adult  normal  kidney  or  syngeneic  embryonic  tissues  plus  BCG  did  not  protect 
mice  against  challenge  with  fibrosarcoma  cells.   Immunization  of  mice  with 
living  BCG  plus  cells  from  either  a  primary  mammary  adenocarcinoma,  primary 
methylcholanthrene  induced  fibrosarcoma,  or  a  transplanted  murine  fibrosarcoma 
failed  to  provide  protection  against  growth  of  tumor  A.   Immunization  of 
mice  with  tumor  B  provided  protection  against  challenge  with  tumor  A  when 
cells  from  tumor  B  were  admixed  with  living  BCG.  Some  of  the  murine  fibrosar- 
comas included  in  this  study  were  found  to  contain  certain  ecotropic  murine 
leukemia  virus  and  lactic  dehydrogenase  virus.  The  ability  of  fibrosarcomas 
to  induce  cross  protection  persisted  after  tumors  were  rendered  free  of 
lactic  dehydrogenase  virus  by  passage  in  vitro  in  tissue  culture  flasks. 
Ecotropic  murine  leukemia  virus,  released  by  tumor  cells  growing  in  tissue 
culture  flasks,  was  cloned  by  the  limiting  dilution  technique  and  used  to 
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infect  cultures  of  syngeneic  mouse  embryo  cells.   Mice  were  immunized  by 
the  intradermal  (id),  intravenous  (iv)  or  intraperitoneal  (ip)  routes  with 
living  Mycobacterium  bovis  strain  bacillus  Calmette-Guerin  (BCG)  admixed 
with  mouse  embryo  cells  infected  with  murine  leukemia  virus  and  challenged 
with  graded  doses  of  tumor  cells.   The  response  of  immunized  mice  to  tumor 
cell  challenge  depended  on  the  route  of  immunization.  Mice  immunized  by 
the  id  or  ip  routes  with  BCG  admixed  with  mouse  embryo  cells  infected  with 
murine  leukemia  virus  had  increased  resistance  to  tumor  growth  while  mice 
immunized  by  the  iv  route  did  not.   Mice  immunized  by  the  intradermal  route 
had  increased  resistance  to  a  tumor  challenge  given  adjacent  to  the  immuniza- 
tion site  but  not  to  a  tumor  challenge  given  remote  from  the  immunization 
site.   In  contrast  to  the  restricted  nature  of  immunity  produced  by  intradermal 
immunization,  immunization  by  the  ip  route  produced  resistance  to  a  challenge 
given  remote  from  the  site  of  immunization.   Under  optimal  conditions  of 
immunization  by  the  ip  route,  immunized  mice  rejected  1000  fold  more  tumor 
cells  than  unimmunized  control  mice.   These  results  indicate  that  under 
appropriate  conditions  of  immunization,  antigens  coded  for  by  ecotropic 
murine  leukemia  virus  may  function  as  tumor  rejection  antigens  on  chemically- 
induced  fibrosarcomas. 

F.  Immunotherapy  of  primary  methylcholanthrene  induced  murine  fibrosarcomas. 
Primary  tumors  were  induced  in  C3H/HeN  MTV  female  mice  by  a  single  id  injec- 
tion of  3-MCA  (5  or  50  ug).   Eighty-nine  percent  of  mice  treated  with  50 

ug  of  MCA  and  18%  of  mice  treated  with  5  ug  of  MCA  developed  progressively 
growing  tumors.  The  incidence  of  tumors  at  the  two  dose  levels  is  in  agree- 
ment with  the  predictions  of  the  Poisson  distribution;  this  suggests  that 
carcinogenesis  with  3-MCA  in  C3H/HeN  female  mice  is  a  one-hit  process. 
Tumors  were  treated  by  intralesional  injection  of  BCG  CW,  living  BCG,  TDM 
or  control  emulsion.   All  treated  tumors  grew  progressively.   There  was 
no  evident  correlation  between  dose  of  carcinogen  and  susceptibility  of 
tumors  to  intralesional  immunotherapy. 

G.  Efficacy  of  mycobacterial  components  in  treatment  of  pulmonary  metastases. 
We  compared  the  effectiveness  of  three  mycobacterial  components  in  the  treat- 
ment of  pulmonary  metastases.   Twenty-four  hours  after  iv  injection  of  tumor 
cells,  BCG  CW,  TDM  or  a  synthetic  analog  of  TDM  were  administered  by  the 

ip,  id  or  iv  routes.  The  most  effective  treatment  was  ip  injection  of  TDM; 
about  50 %   of  mice  that  received  this  treatment  were  cured ,   Injection  of 
BCG  CW,  or  an  analog  of  TDM  by  the  ip,  id, or  iv  routes  did  not  lead  to  cures 
of  a  significant  number  of  animals. 

H.  Quantitation  of  extent  of  metastases.  A  quantitative  bioassay  was  develop- 
ed to  evaluate  the  extent  of  metastases  in  the  guinea  pig  model.  The  principle 
of  the  assay  is  that  survival  time  of  guinea  pigs  following  ip  injection 
of  ascites  line-10  tumor  cells  is  a  function  of  the  number  of  tumor  cells 
placed  in  the  peritoneal  cavity.  Lymph  nodes,  removed  from  guinea  pigs 
bearing  tumor  line-10,  were  disaggregated  and  quantitatively  transferred 
to  the  peritoneal  cavities  of  weanling  syngeneic  guinea  pigs.   By  relating 
the  survival  times  of  guinea  pigs  that  received  lymph  node  tissues  to  the 
survival  of  animals  that  received  known  numbers  of  ascites  tumor  cells, 
an  estimate  could  be  made  of  the  minimum  number  of  tumor  cells  within  a  lymph 
node.   The  number  of  tumor  cells  present  in  the  SDA  lymph  node  on  day  7 
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after  intradermal  injection  of  10  line  10  hepatoma  cells  was  estimated 
to  be  100.   The  number  of  tumor  cells  present  in  the  PA  lymph  node  on  day 
7  was  estimated  to  be  0,  on  day  21,  100. 

II.   COMPLEMENT  MEDIATED  KILLING  OF  TUMORS 

A.   Interactions  of  complement  components,  immunoglobulins  and  cell  membranes. 

Studies  on  the  mechanism  of  the  lytic  action  of  complement  have  largely 
been  carried  out  using  the  classical  system  of  sheep  erythrocytes  (E),  sen- 
sitized with  rabbit  antibody  to  the  Forssman  antigen  and  using  guinea  pig 
serum  as  the  complement  source.   These  studies  have  revealed  that  for  efficient 
hemolysis  to  occur,  all  nine  components  of  the  classical  complement  pathway 
must  bind  to  E.   An  inefficient  form  of  hemolysis  can  occur  in  the  absence 
of  C9  if  high  concentrations  of  C8  are  present. 

At  present  the  biochemical  events  leading  to  the  generation  of  the  complement 
lesion  are  not  known.   Studies  on  the  mechanism  of  lysis  of  erythrocytes 
by  C8  and  C9  indicate  that  these  occur  by  mechanistically  distinct  pathways. 
The  lysis  of  one  EAC1-7  by  C8  requires  multiple  hemolytically  active  C8 
molecules/cell  while  lysis  by  C9  requires  only  a  single  hemolytically  effec- 
tive molecule/cell.   A  major  discovery  was  generation  of  the  transmembrane 
channel  by  C9  via  a  multi-step  process  and  that  C9  may  have  more  than  one 
function  in  this  process.   The  first  function  is  the  generation  of  a  lesion 
in  the  cell  membrane  that  acts  as  a  transmembrane  channel  and  the  second 
the  expansion  of  the  transmembrane  channel  to  increase  the  functional  diameter 
of  the  complement  lesion.   These  two  aspects  of  C9  activity  have  been  studied. 
The  effect  of  temperature  on  the  C9  dependent  generation  of  the  complement 
lesion  indicates  that  this  can  occur  by  a  temperature  dependent  (with  a 
Q10  close  to  2)  or  a  temperature  independent  pathway.   The  actual  biochemical 
events  leading  to  the  generation  of  the  lesion  by  either  of  these  pathways 
is  unclear  but  appears  to  be  influenced  to  some  degree  by  the  composition 
of  the  target  cell  membrane. 

The  ability  of  C9  to  expand  an  existing  complement  lesion  has  been  studied 
by  fitting  of  experimental  data  to  mathematical  models  of  the  reaction. 
These  studies  have  revealed  that  the  size  of  the  lesion  can  be  correlated 
with  the  number  of  C9  molecules  bound  to  an  individual  C8.  In  addition 
it  has  been  demonstrated  that  the  binding  of  C9  is  non-cooperative  and  esti- 
mates of  the  equilibrium  constant  for  the  interaction  of  C9  with  cell-bound 
C8  have  been  obtained  without  requiring  radiolabelling  of  C9--  These  approaches 
to  the  study  of  the  terminal  stages  of  complement  action  are  being  extended 
to  the  detailed  study  of  the  functional  activity  of  C8  and  to  other  species 
of  erythrocytes  to  determine  what  role,  if  any,  the  membrane  composition 
or  the  metabolic  status  of  the  target  plays  in' the  generation  of  complement 
lesions. 

Studies  on  the  complement-mediated  killing  of  nucleated  cells  are  continuing. 
Earlier  studies  have  shown  that  the  susceptibility  of  line-1  and  line-10 
hepatoma  cells  of  guinea  pigs  could  be  modified  by  pretreatment  with  selected 
drugs,  hormones,  enzymes  and  antilipidemic  agents.   The  effect  was  reversible. 
Pretreatment  of  the  cells  with  drugs,  enzymes  or  antilipidemic  agents  rendered 
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the  cells  more  susceptible  to  killing  by  antibody  plus  C  whereas  pretreatraent 
with  selected  hormones  rendered  the  cells  more  resistant  to  humoral  immune 
attack  compared  to  untreated  cells.   The  modifications  in  the  sensitivity 
of  the  cells  following  drug  or  hormone  treatment  correlated  with  effects 
on  synthesis  of  complex  lipids  but  not  DNA,  RNA,  protein  or  complex  carbohy- 
drate.  Cells  rendered  sensitive  following  treatment  with  drug  were  inhibited 
whereas,  hormone  treatment  enhanced  the  incorporation  of  newly  synthesized 
phospholipids  into  cell  surface  and  internal  membranes.   These  studies  are 
now  extended  in  two  major  directions:   chemical  analysis  of  the  cells  under 
various  treatments  and  extension  of  the  studies  to  several  different  cell 
lines. 

Lipid  and  fatty  acid  composition  of  subcellular  fractions  of  drug-  or  hormone- 
treated  line-10  tumor  cells  was  determined.   This  study  showed  that  drugs 
increase  and  hormones  decrease  the  susceptibility  of  the  cells  to  immune 
killing  by  increasing  and  decreasing,  respectively,  the  fluidity  of  cellular 
membranes.   In  addition,  the  lipid  and  fatty  acid  composition  of  the  line- 
10  cells  was  modifiable  by  chemical  and  physical  means.   In  this  regard, 
increasing  the  lecithin: sphingomyelin  mole  ratio  in  the  cells  by  culturing 
them  in  lecithin-rich  plasma  or  lecithin-enriched  culture  medium,  increased 
the  cells'  susceptibility  to  antibody-C  killing.   In  contrast,  saturating 
the  fatty  acid  constituents  of  the  cellular  lipids  in  a  homogenously  catalyzed 
hydrogenation  reaction  had  the  opposite  effect.   These  data  support  the 
theory  that  membrane  fluidity  is  a  controlling  factor  in  the  susceptibility 
of  tumor  cells  to  antibody-C  killing. 

In  studies  using  cultured  human  lymphoid  cells,  Raji  and  PY,  and  mouse  masto- 
cytoma cells,  P815,  it  was  observed  that  the  cells  varied  in  their  suscepti- 
bility to  killing  by  antibody  plus  C.   Generally,  the  human  cells  were  more 
susceptible  to  killing  in  their  log  phase  of  growth  than  in  their  lag  or 
stationary  phase.   The  mouse  cell  line  was  more  resistant  in  the  log  phase 
than  in  the  other  phases  of  growth.   The  differences  in  the  susceptibility 
of  the  cells  to  humoral  immune  atack  were  not  due  to  differences  in  antigen 
expression  as  measured  by  quantitative  absorption  tests.  No  correlation 
was  seen  between  susceptibility  of  the  cells  and  synthesis  of  DNA,  RNA, 
protein,  complex  carbohydrate  and  complex  lipid.   No  differences  were  observed 
in  sensitivity  of  cell  cycle  specific  populations  of  Raji  cells  isolated 
by  albumin  or  ficol  gradient  techniques  or  by  dilution  of  stationary  phase 
culture  cells. 

In  agreement  with  the  guinea  pig  hepatoma  cells,  PY,  Raji  and  P815  cells 
could  be  rendered  more  susceptible  to  humoral  immune  attack  following  treat- 
ment of  the  cells  with  selected  metabolic  inhibitors.  The  effect  was  dose 
dependent  and  reversible  upon  culturing  in  drug  free  medium.   Preliminary 
results  indicate  that  certain  drugs  are  effective  against  cells  in  log  but 
not  stationary  phase  of  growth.   The  human  lymphoid  cells,  PY  and  Raji, 
unlike  P815  and  line-1  and  line-10  cells  were  not  rendered  resistant  to 
C-mediated  killing  following  pretreatment  with  polypeptide,  cathecolamine 
or  steroid  hormones. 
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In  studies  on  the  cy-totoxic  efficiency  of  C  from  different  species  it 
was  found  that  antibody  sensitized  guinea  pig  hepatoma  cell  lines  were 
more  susceptible  to  killing  by  human,  rabbit  and  goat  C  than  to  killing 
by  guinea  pig  and  rat  complement.  The  efficiency  of  a  selected  C  was 
dependent  upon  the  antibody  used  to  sensitize  the  cells.  Line-1  cells 
sensitized  with  the  appropriate  concentration  of  anti-Forssman  antibody 
or  antitumor  antibody  could  be  killed  by  HuC,  GoC,  rat  C  and  rabbit 
C.  GPC  was  not  effective  against  cells  sensitized  with  antitumor  antibody 
but  was  effective  if  the  cells  were  sensitized  with  anti-Forssman  antibody. 
Line-10  cells  on  the  other  hand  were  not  killed  by  GPC  or  rat  C  when 
sensitized  with  anti-Forssman  or  tumor-specific  antibody.   HuC  was  most 
effective  against  line-1  and  line-10  cells.   Similar  differences  in 
sensitivity  of  PY,  Raji  and  P815  to  killing  by  C  for  different  species 
were  also  observed.   However,  the  human  and  mouse  cells  were  generally 
most  susceptible  to  killing  by  rabbit  C  with  rat  C  the  least  effective. 

The  relative  importance  of  tumor  cell  macromolecular  synthesis  and  content 
to  the  cells'  susceptibility  to  killing  by  an  antibody-C  vs.  a  cell- 
mediated  immune  attack  system  was  assessed  using  P815  mouse  mastocytoma 
cells.   The  results  showed  that  the  ability  of  the  cells  to  synthesize 
lipid  correlated  with  their  ability  to  resist  antibody-C  but  not  cell- 
mediated  killing.   Cellular  DNA,  RNA,  protein,  or  complex  carbohydrate 
synthesis  did  not  correlate  with  the  cells'  susceptibility  to  either 
form  of  immune  attack.   Agents  that  specifically  modulate  the  cells' 
susceptibility  to  antibody-C  or  cell-mediated  attack  have  characteristic 
effects  on  cellular  lipid  composition.  These  effects  may  provide  a 
clue  to  differences  in  the  mechanism  of  antibody-C  vs.   cell-mediated 
attack. 

Physiological  differences  occurring  in  activated  tumoricidal  macrophages 
compared  to  non-activated  cells  were  investigated.  Lymphokine-activated 
tumoricidal  macrophages  were  increased  in  their  total  lipid,  cholesterol, 
and  triglyceride  content,  and  in  their  percentage  unsaturated  fatty 
acids  compared  to  controls.   These  effects  were  not  due  solely  to  changes 
in  lipid  uptake  from  the  culture  medium,  but  also  to  changes  in  intracellular 
. lipid  synthesis  and  mobilization. 

B.   Immunoassay  of  fluid-phase  and  cell-bound  antigens  and  antibodies. 
The  ability  of  125I-labeled  Staphylococcal  Protein  A  to  bind  to  the 
' Fc  region  of  certain  species  of  IgG  has  led  to  the  development  of  a 
general  immunoassay  procedure  for  the  quantitative  determination  of 
fluid-phase  and  cell-bound  antigens  and  antibodies.   Since  125I  Protein 
A  is  the  only  tracer  molecule  required,  immunoassays  can  be  developed 
for  drugs  which  themselves  cannot  be  labeled  to  the  necessary  specific 
activity.  By  using  this  method,  we  developed  immunoassays  for  the  cancer 
chemotherapeutic  agents  methotrxate  and  leucovorin  (folinic  acid),  and 
for  5-methyltetrahydrofolate  (5-MTHFA).  5-MTHFA  is  the  major  circulating 
and  storage  form  of  folate.   It  is  a  metabolic  product  of  leucovorin 
and  may  play  a  role  in  the  therapeutic  effectiveness  of  leucovorin  in 
"rescue"  treatment  of  cancer  patients  treated  with  high-dose  methotrexate. 
The  assays  have  been  used  to  determine  drug  levels  in  rabbit  serum. 
For  5-MTHFA,  the  biologic  half-life  was  estimated  to  be  1.8  h  and  the 

697 


rate  constant  for  elimination  ke  -  0.32  h~  .   Levels  of  methotrexate 
and  leucovorin  have  been  followed  in  the  plasma  of  dogs  given  high-dose 
methotrexate  followed  by  leucovorin  under  conditions  analogous  to  those 
used  to  treat  cancer  patients.   Production  of  5-MTHFA  also  was  followed 
in  dogs  given  leucovorin  intravenously.   The  immunoassay  results  agreed 
well  with  levels  determined  by  high-pressure  liquid  chromatography  (HPLC). 
The  immunoassay  is  more  sensitive  than  the  HPLC  method,  it  requires 
only  about  10?  as  much  time  to  obtain  results  and  it  can  be  used  to 
analyze  unextracted  serum  and  urine.   Further  experiments  are  underway 
to  study  the  biochemistry  of  these  drugs  including  their  metabolic  fate 
in  vivo  and  in  vitro.   Possible  clinical  applications  of  these  assays 
to  monitor  drug  treatment  also  will  be  explored.   A  modification  of 
this  general  immunoassay  procedure  is  being  used  to  detect  and  quantify 
cell  surface  antigens,  including  viral  antigens  expressed  on  the  surface 
of  infected  tumor  cells. 

C.   Mechanism  of  complement  fixation  and  action.   We  have  used  Staphylococcal 
Protein  A  as  a  molecular  probe  to  study  the  effect  of  antigen  or  hapten 
binding  at  Fab  sites  on  reactivity  of  the  Fc  region  of  IgG  antibodies. 
The  ability  of  IgG  from  several  species  to  bind  Protein  A  has  been  shown 
to  differ  by  a  factor  greater  than  lO^.   Although  fluid-phase  or  immobilized 
goat  and  sheep  IgG  react  poorly  with  Protein  A,  their  reactivity  is 
enhanced  over  a  thousand-fold  once  they  are  bound  to  immobilized  antigen 
or  hapten.   In  contrast,  mixtures  of  fluid  phase  antigen  and  antibody 
over  a  wide  range  of  molar  ratios  failed  to  react  significantly  with 
Protein  A.   By  using  monovalent  low-molecular  weight  compounds,  it  was 
shown  that  at  least  two  molecules  of  IgG  must  be  bound  in  proximity 
to  bind  one  molecule  of  Protein  A.   These  results  suggest  that  aggregation 
of  IgG  is  necessary  for  Protein  A  binding.   This  condition  is  analogous 
to  the  requirement  for  two  closely  bound  IgG  molecules  to  fix  one  CI 
molecule.   Experiments  are  underway  to  determine  if  aggregation  is  sufficient 
to  cause  enhanced  binding  of  Protein  A,  or  whether  an  antigen-induced 
conformational  change  in  the  Fc  region  also  is  necessary. 

The  mechanism  whereby  immunoglobulins  interact  with  C  is  not  only  governed 
by  the  structure  and  physicochemical  form  of  Igs  but  also  by  the  structure 
of  CI,  the  component  of  complement  that  interacts  with  Ig.   It  has  been 
known  for  many  years  that  interaction  of  Igs  with  CI  ("binding")  is 
a  necessary  but  not  sufficient  condition  for  the  acquisition  by  the 
CI  molecule  of  the  ability  to  interact  with  the  next  components  of  C 
in  the  sequence  of  C  reaction  ("activation").  We  have  now  postulated  that 
lack  of  activation  following  binding  is  at  least  partly  due  to  the  protein 
structure  of  Clq,  the  largest  subcomponent  of  CI.   Clq  is  composed  of  six 
strands  of  proteins,  taken  two  at  a  time  (i.e.  3  doublets);  each  strand 
contains  one  binding  site  for  Igs.  We  have  postulated  that  for  binding 
of  CI  a  few  of  the  strands  are  sufficient;  for  activation  to  occur  at  least 
five  of  the  strands  must  bind.  Moreover,  because  Clq  strands  are  flexible 
(these  are  collagen-like  in  their  structure)  Clq  is  capable  of  bridging 
Igs  located  in  different  particles;  if  the  forces  binding  Clq  to  different 
particles  exceed  the  forces  holding  the  doublets  together,  Clq  may  split 
leaving  non-activable  CI  molecules  as  the  result.  Data  from  this  and  other 
laboratories,  which  up  to  now  have  been  difficult  to  reconcile  with  each 

698 


other  and  with  current  theories  on  CI. binding  and  activation,  are  all  consis- 
tent with  this  novel  concept  of  relationship  of  structure  to  function. 

III.   IMMUNOLOGICAL  INTERACTIONS  OF  HOST  AND  TUMOR 

A.   Macrophage  Activation.   Animals  infected  with  certain  intracellular 
parasites  such  as  Mycobacterium  bovis,  strain  BCG,  develop  macrophages  with 
nonspecific  microbicidal  and/or  tumoricidal  activities  localized  to  the 
site  of  infection.   These  activated  macrophages  also  occur  at  sites  of  tumor 
rejection  and  during  antigen-induced  immune  reactions.   Development  of  activated 
macrophages  during  each  of  these  responses  requires  the  simultaneous  presence 
of  effective  activation  signals  and  receptive  mononuclear  phagocytes.   Macro- 
phage activation  for  tumor  cytotoxicity,  however,  is  not  the  result  of  a 
single  interaction  between  signal  and  cell  but  rather  requires  completion 
of  a  series  of  reactions,  each  with  its  own  activation  stimulus  and  responsive 
cell. 

Analysis  of  the  macrophage  activation  sequence  was  facilitated  by  discovery 
of  mouse  strains  with  genetic  defects  in  development  of  cytotoxic  activity. 
Macrophages  from  C3H/HeJ,  A/J  and  P/J  mice  fail  to  develop  tumoricidal  activity 
after  any  of  several  in  vivo  or  Ln  vitro  treatments  over  a  wide  range  of 
experimental  conditions.   The  genetic  basis  for  macrophage  tumoricidal  defects 
in  each  of  these  strains  was  different.   Cytotoxic  defects  of  macrophages 
from  C3H/HeJ  or  A/J  mice  were  secondary  to  alterations  in  macrophage  respon- 
siveness to  activation  signals;   activation  stimuli  produced  by  these  strains 
were  entirely  normal.   In  contrast,  the  macrophage  cytotoxic  defect  of  P/J 
mice  was  due,  at  least  in  part,  to  abnormalities  in  activation  stimuli  them- 
selves.  P/J  lymphokines  were  deficient  in  one  or  more  signals  necessary 
for  macrophage  activation.   At  the  present  time,  separation  of  different 
activation  signals  in  lymphokine  supernatants  from  each  other  by  physicochemi- 
cal  characteristics  has  not  been  possible.  Future  studies  with  P/J  lympho- 
kines as  starting  material  may  achieve  this  goal. 

Analysis  of  macrophage  synthesis  of  prostaglandin  E2  or  of  development  of 
nonspecific  microbicidal  activity  against  obligate  intracellular  parasites 
showed  that  both  of  these  cell  responses  were  regulated  by  series  of  reactions. 
In  fact,  macrophage  tumoricidal  activity  and  prostaglandin  synthesis  appear 
to  be  regulated  by  similar  mechanisms.  Lymphokine  activities  for  both 
responses  had  common  physicochemical  characteristics.  Despite  this  common 
mode  of  regulation  for  cell  function,  tumor  cytotoxic  capacity  could  be 
distinguished  from  prostaglandin  synthesis.  Macrophage  tumor  cytotoxicity 
was  not  affected  by  indomethacin  or  aspirin  treatment,  although  these  agents 
completely  inhibited  prostaglandin  synthesis.   Nonspecific  microbicidal 
and  tumoricidal  activities  of  macrophages  could  also  be  dissociated  by  the 
characteristics  of  the  lymphokine  fractions  capable  of  activating  the  macro- 
phages. Whereas  lymphokine  activity  for  induction  of  macrophage  tumor  cyto- 
toxicity elutes  from  Sephadex  G-100  as  a  single  peak  in  the  50,000  MW  region, 
lymphokine  activities  for  macrophage  microbicidal  effects  elute  in  3  different 
regions:  140,000,  50,000  and  less  than  10,000  daltons. 
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B.   Leukocyte  Chemotaxis.   Work  in  this  area  during  the  past  year  resulted 
in  a  number  of  important  methodological  advances.   The  first,  in  preparation 
for  clinical  studies  of  chemotaxis  abnormalities  in  cancer  patients, 
was  the  development  of  a  multiwell  chemotaxis  chamber,  which  has  several 
advantages.   The  number  of  cells  and  the  amount  of  chemotaxin  required 
are  about  1/10  that  of  the  standard  blind  well  chambers.  Forty  eight 
assay  wells  are  now  contained  in  a  single  piece  of  equipment,  which 
utilizes  a  single  25  x  80  mm  sheet  of  Nucleopore  filter,  suitable  for 
subsequent  staining  and  mounting  on  a  standard  microscrope  slide.   The 
problem  of  counting  migrated  cells  with  an  image  analyzer,   which  until 
now  has  been  impossible  because  of  inability  to  distinguish  cells  from 
holes  in  the  Nucleopore  filter,  has  now  been  solved.   The  requirements 
are  an  advanced  design  image  analyzer  and  control  of  several  critical 
conditions  —  including  characteristics  of  the  television  camera,  and 
precise  regulation  of  wavelength  and  intensity  of  incident  light.   The 
result  is  that  monocyte  chemotaxis  responses  can  be  determined  with  as  little 
as  5  ml  of  blood;  and  quantification  of  the  result  from  a  48-well  assay 
with  different  chemoattractants  can  be  made  in  10  minutes. 

It  was  shown  last  year  that  human  monocytes  have  distinct  receptors  for 
3  different  chemotaxins:  formyl-peptides,  C5a,  and  lymphocyte-derived  chemo- 
taxins.   Purification  of  human  lymphocyte-derived  material  has  been  a  problem, 
partly  because  of  large  losses  during  the  initial  concentration  step.   This 
has  now  been  solved  by  precipitation  of  crude  culture  fluids  with  4M  ammonium 
sulfate,  followed  by  chromatography  on  Sephacryl.  The  eluted  material  appears 
to  be  stable,  and  should  be  suitable  for  clinical  studies.   A  purified  comple- 
ment-derived chemotaxin  for  mouse  macrophage  chemotaxis  has  also  been  prepared 
this  year.   Mouse  serum  obtained  without  special  precautions  has  high  chemo- 
tactic  activity  even  without  addition  of  reagents  to  activate  complement. 
This  was  prevented  by  collection  of  blood  from  the  tails  of  individual  mice 
into  precooled  polypropylene  centrifuge  tubes,  centrifugation,  and  clotting 
of  supernatant  plasma  in  the  absence  of  blood  cells.   Chromatography  of 
this  serum  after  activation  by  endotoxin  yielded  a  single  peak  of  potent 
chemotactic  activity,  with  a  MW  of  approximately  20,000. 

In  attempts  to  quantify  neutrophil  chemotaxis,  taking  advantage  of  the 
multiwell  chamber  and  image  analyzer,  it  was  found  that  a  variable  percentage 
of  migrated  neutrophils  fell  off  the  lower  membrane  surface,  which  made 
quantification  impossible.  The  commercially  available  Nucleopore  filter 
membranes  are  coated  with  polyvinylpyrrolidone  (PVP)  to  enhance  wettability. 
When  PVP-free  membranes  were  tested,  chemotaxis  of  neutrophils  was  excellent 
and  no  loss  of  cells  from  the  bottom  surface  occurred.  The  capacity  to 
obtain  quantitative,  reproducible  neutrophil  chemotaxis  data  opens  up  a 
whole  range  of  experimental  possibilities.  The  first  interesting  experimental 
finding  with  the  new  system  is  that  there  are  migrating  subpopulations  of 
human  neutrophils.  Of  the  total  neutrophil  population,  40-50$  migrate  toward 
C5a;  20-30$  respond  to  optimal  concentrations  of  2  different  chemotactic 
peptides  tested. 

Desensitization  of  human  monocytes  by  specific  chemotaxins  was  shown  last 
year.  That  is,  exposure  of  cells  to  one  chemotaxin  renders  the  cells  non- 
responsive  to  that  chemotaxin,  whereas  responses  to  other  chemotaxins  remain 
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unaltered.   In  view  of  the  selective  impairment  to  different  chemotaxins 
that  we  reported  previously,  an  understanding  of  desensitization  is  important. 
Among  the  new  findings  this  year,  desensitization  occurs  when  cells  are 
mixed  with  optimal  cheraotactic  concentrations  (or  higher)  of  the  agent, 
is  complete  within  20  minutes,  is  not  associated  with  any  impairment  of 
response  to  another  chemoattractant  even  after  3  hours  of  incubation  with 
the  desensitizing  agent.   Desensitization  does  not  occur  at  0  C,  and  thus 
is  probably  not  due  simply  to  binding  of  ligand  to  receptor.   Of  interest 
in  relation  to  the  clinical  study  is  that  after  removal  of  the  desensitizing 
agent  there  is  a  progressive  recovery,  which  is  complete  within  approximately 
6  hours. 

Further  studies  were  made  on  macrophage  stimulating  protein  (MSP),  an  apparently 
hitherto  unrecognized  mammalian  serum  protein  that  renders  mouse  rperitoneal 
macrophages  responsive  to  chemoattractants.   Purified  MSP  has  an  isoelectric 
point  of  7.0,  an  unusually  high  value  for  most  serum  proteins.   Analysis 
of  the  isoelectric  behavior  of  MSP  in  serum  before  purification  shows  that 
the  isoelectric  point  is  considerably  more  acid  than  pH  7,  the  value  for 
MSP  from  3  different  human  sera  being  approximately  5.8.   It  appears 
that  acidic  groups  are  associated  with  MSP;  they  can  be  lost  under  mild 
purification  conditions  such  as  DEAE-cellulose  chromatography,  without  alteration 
in  the  biological  activity  of  the  protein.   These  findings  are  leading  to 
the  development  of  an  improved  method  for  purification  of  MSP.   The  loss 
of  acidic  groups  from  MSP  can  occur  during  electrofocusing,  depending  on 
such  conditions  as  the  amount  of  protein  applied,  mode  of  application,  magni- 
tude of  current  and  duration  of  the  run.   This  is  not  unique  to  MSP,  and 
was  demonstrated  for  purified  serum  albumin,  in  which  loss  of  fatty  acids 
during  electrofocusing  results  in  a  pi  shift  from  4.5  to  approximately  5.5. 
The  phenomenon  should  be  more  generally  appreciated,  considering  the  widespread 
use  of  electrofocusing  in  the  characterization  of  proteins. 

C.  Lymphotoxin.   Cytotoxins  secreted  by  leukocytes  may  contribute  to  host 
destruction  of  tumor  cells.  Such  cytotoxins  can  be  detected  in  culture 
fluids  of  mitogen-stimulated  mouse  spleen  cells.  However,  it  is  not  known 
whether  the  cytotoxins  are  produced  by  lymphocytes.   The  possibility  that 
other  cells  might  produce  toxic  products  is  raised  by  the  physicochemical 
heterogeneity  of  the  culture  fluid  toxins  and  by  the  fact  that  macrophage- 
like  cell  lines  produce  cytotoxins.   In  studies  on  the  production  of  cytotoxins 
by  PHA-stimulated  mouse  spleen  cells,  it  was  shown  that  at  least  2  cell 
types  were  required  —  one  adherent  to  tissue  culture  plastic,  the  other 
not.  Treatment  of  the  unfractionated  spleen  cell  population  with  monoclonal 
anti-theta  antibody  and  guinea  pig  complement  reduced  lymphotoxin  production 
by  more  than  90$.  Restoration  of  production  was  achieved  by  addition  of 
the  nonadherent  fraction,  but  not  by  the  adherent  fraction.  Thus  it  appears 
that  a  T-cell  is  required  for  production  of  cytotoxin  by  mouse  spleen  cells, 
but  the  producing  cell  has  not  yet  been  positively  identified. 
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Project  Description 

Objectives:   The  primary  objective  of  this  project  is  to  test  a  variety  of 
therapies  in  several  species  with  primary  cancer  in  the  hope  of  providing 
guides  to  the  immunotherapy  of  human  cancer.   The  therapeutic  methods  tested 
will  be  those  that  have  been  successful  in  animal  models  consisting  of 
syngeneic  tumor  transplants. 

Methods  Employed:   The  primary  autochthonous  cancers  studied  were  either 
naturally  occurring  or  were  induced  by  chemicals.   Natural  primary  cancers 
of  cows  and  of  humans  and  chemically  induced  primary  cancers  in  inbred  mice 
and  in  inbred  rats  were  treated  by  intratumoral  administration  of  living 
BCG  or  emulsified  components  of  BCG. 

Hereford  cattle  with  histologically  confirmed  ocular  squamous  cell  carcinoma 
and  with  no  palpable  lymph  nodes  were  treated  by  intratumoral  injection  of 
emulsified  BCG  cell  walls,  local  surgery  or  radical  surgery.   Survival  of 
treated  animals  was  compared  to  that  of  animals  receiving  sham  vaccine  or 
no  treatment. 

Human  patients  with  cancer  in  the  region  of  the  head  and  neck  are  being 
treated  in  a  prospective  randomized  trial  by  intratumoral  injection  of 
emulsified  BCG  cell  walls  followed  by  standard  surgical  treatment.   The  rate 
of  recurrence  of  disease  and  of  survival  of  the  patients  treated  by  pre- 
operative immunotherapy  are  being  compared  to  that  of  patients  treated  by 
surgery  alone. 

In  a  previous  prospective  randomized  study,  patients  with  Stage  I  malignant 
melanoma  but  at  high  risk  of  disease  recurrence  within  five  years  after 
surgery  were  treated  by  the  intratumoral  injection  of  living  BCG  followed 
by  standard  surgical  treatment.   The  rate  of  disease  recurrence  and  survival 
of  the  patients  treated  by  preoperative  immunotherapy  are  being  compared 
to  that  of  patients  treated  by  surgery  alone. 

Colon  cancer  was  induced  in  rats  by  administration  of  dimethylhydrazine. 
Surgical  resection,  intralesional  injection  of  emulsified  BCG  cell  walls 
and  intralesional  injection  of  the  oil-in-water  emulsion  lacking  BCG  cell 
walls  are  being  compared  as  treatment  modalities. 

Tumors  of  the  small  intestine  were  induced  in  rats  by  prenatal  administration 
of  methyl  (acetoxymethyl)  nitrosamine .   A  group  of  rats  was  treated  by  intra- 
tumoral injection  of  emulsified  BCG  cell  walls,  another  by  surgery  and  a 
third  by  injection  of  control  emulsion. 

Tumors  were  induced  in  mice  by  the  intradermal  injection  of  methylcholanthrene. 
One  group  of  mice  received  a  dose  of  carcinogen  that  produced  a  tumor  in 
about  ninety  percent  of  the  mice,  a  second  group  received  a  dose  of  carcinogen 
that  produced  a  tumor  in  about  twenty  percent  of  the  mice.   Intratumoral 
injection  of  living  BCG,  emulsified  BCG  cell  walls  or  cord  factor  was  tested 
as  a  means  of  causing  regression  of  the  primary  autochthonous  methylcholanthrene 
induced  tumors. 
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Major  Findings:   It  was  reported  last  year  that  squamous  cell  carcinomas 
regressed  or  were  arrested  in  sixteen  of  twenty-three  cattle  treated  by 
intralesional  injection  of  emulsified  BCG  cell  walls.   At  the  end  of  the 
experiment  seventeen  of  eighteen  control  animals  had  been  killed  because  of 
advanced  malignant  disease.   The  last  of  these  seventeen  animals  survived 
for  twenty-seven  months.   The  six  animals  that  had  been  treated  with 
emulsified  BCG  cell  walls  and  were  alive  at  the  end  of  the  experiment  were 
found  at  autopsy  to  be  tumor  free  and  had  survived  an  average  of  thirty- 
six  months  (range:   30  to  41  months) .   Statistical  analysis  of  the  results 
of  this  experiment  permitted  the  conclusion  that  the  group  of  animals  treated 
by  intratumoral  injection  of  emulsified  BCG  survived  significantly  longer 
than  controls. 

The  prospective  randomized  trial  of  immunotherapy  for  the   treatment  of 
humans  with  primary  cancer  in  the  head  and  neck  region  is  in  its  fourth  year. 
Twelve  patients  have  been  assigned  to  preoperative  immunotherapy  and  twelve 
to  surgery  alone.   Fewer  patients  treated  by  preoperative  immunotherapy  have 
had  recurrent  disease  or  have  died  than  have  those  treated  by  surgery  alone. 
The  number  of  patients  entered  into  the  trial  so  far  is  too  few  to  permit 
a  valid  statistical  analysis  of  the  differences  in  survival  and  recurrence 
between  the  two  groups  of  patients.   Patients  treated  by  intratumoral  injec- 
tion of  BCG  cell  walls  experienced  a  mild,  transient  increase  in  body  tempera- 
ture but  none  of  the  severe  complications  seen  in  some  patients  treated  by 
the  intratumoral  injection  of  living  BCG. 

The  prospective  randomized  trial  of  immunotherapy  for  the  treatment  of  patients 
with  Stage  I,  high  risk  malignant  melanoma  has  been  terminated.   The  main 
reason  for  closing  the  trial  was  that  some  patients  treated  by  intralesional 
injection  of  living  BCG  suffered  a  severe  thrombocytopenia.   All  patients  with 
BCG  associated  thrombocytopenia  eventually  recovered  from  this  side  effect. 
As  of  November  1977  thirteen  patients  were  randomized  to  preoperative  intra- 
lesional BCG  and  thirteen  to  surgery  alone.   Statistical  analysis  of  the 
treatment  results  indicates  that  intralesional  BCG  treatment  can  reduce  recur- 
rence  frequency  and  increase  the  proportion  of  survivors  following  surgery  of 
patients  with  Stage  I  primary  melanoma.    These  conclusions  need  to  be  tested 
in  a  larger  clinical  trial  of  immunotherapy  for  patients  with  malignant 
melanoma  but  emulsified  BCG  cell  walls  should  be  used  instead  of  living  BCG. 

Surgery  was  of  marginal  benefit  and  intratumoral  injection  of  emulsified 
BCG  cell  walls  of  no  apparent  benefit  in  the  treatment  of  rats  with  cancer  of 
the  small  intestine.   One  or  more  cancers  other  than  the  initial  primary 
cancer  developed  in  a  majority  of  animals  treated  by  surgery.   There  was  no 
evidence  of  regression  of  tumors  into  which  emulsified  BCG  cell  walls  had 
been  injected.    Rats  with  colon  cancer  induced  by  administration  of  dimethyl- 
hydrazine  derived  no  benefit  from  surgery  or  from  intratumoral  injection  of 
emulsified  BCG  cell  walls.   Cancers  other  than  the  initial  primary  neoplasm 
developed  in  a  majority  of  animals. 
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Int rales ional  injection  of  living  BCG,  emulsified  BCG  cell  walls,  or  cord 
factor  produced  no  permanent  regressions  of  primary  skin  cancers  induced 
in  mice  by  the  intradermal  injection  of  methylcholanthrene.   Surgical 
excision  of  the  dermal  tumors  appears  to  be  curative. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Clinical 
trials  of  postoperative  immunotherapy  for  humans  with  cancer  have  yielded 
disappointing  results.   Intratumoral  injection  of  emulsified  mycobacterial 
components  either  preoperatively  or  alone  has  been  curative  for  guinea  pigs 
with  an  intradermally  transplanted,  metastasizing  hepatoma.   This  experimental 
finding  suggested  that  intratumoral  injection  of  mycobacterial  components 
might  be  curative  for  hosts  with  primary  autochthonous  cancer.   Results 
consistent  with  this  suggestion  have  been  found  in  the  treatment  of  cattle 
with  naturally  occurring,  primary,  autochthonous,  ocular  squamous  cell 
carcinoma.   Two  clinical  immunotherapy  trials,  one  for  patients  with  primary 
head  and  neck  cancer  and  the  other  for  patients  with  primary  malignant 
melanoma,  have  yielded  sufficiently  promising  results  to  suggest  the  establish- 
ment of  additional  prospective  randomized  trials  of  immunotherapy  consisting 
of  the  intratumoral  injection  of  BCG  cell  walls. 

The  lack  of  therapeutic  success,  either  by  surgery  or  by  intratumoral  BCG, 
achieved  in  studies  of  rats  with  primary  autochthonous  chemically  induced 
cancers  of  the  digestive  tract  raises  questions  about  the  appropriateness 
of  these  models  for  experimental  treatment  studies.   One  difficulty  with 
these  models  is  the  high  frequency  of  multiple  (probably  primary)  cancers  in 
individual  animals.   Multiple  primary  cancers  occur  only  rarely  in  human 
patients  or  in  cows  with  ocular  carcinoma.   The  occurrence  of  multiple  primary 
cancers  could  not  be  invoked  to  explain  the  failure  of  intratumoral  myco- 
bacterial components  to  cause  regression  of  the  primary  methylcholanthrene 
induced  skin  tumors  in  mice.   The  mouse  tumors  have  remained  confined  in  each 
animal  to  the  site  of  injection  which  is  probably  why  surgery  appears  to  be 
curative.   These  results  suggest  that  animals  with  naturally  occurring  primary 
cancers  that  metastasize  may  be  more  appropriate  guides  for  clinical  applica- 
tion of  intratumoral  immunotherapy  than  are  animals  with  artificially  induced 
primary  neoplasms.   Regression  of  primary  human  neoplasms  has  been  observed 
in  the  treatment  of  some  patients  with  head  and  neck  cancer,  malignant  melanoma 
and  lung  cancer. 

Proposed  Course  of  Project:   Prospective  randomized  clinical  trials  of  intra- 
tumoral BCG  are  now  in  progress  for  humans  with  malignant  melanoma,  head  and 
neck  cancer  and  lung  cancer.   The  major  objective  of  this  project,  therefore, 
has  been  achieved.   Accordingly,  this  project  in  its  present  form  will  be 
discontinued. 
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In  Terry,  W.  T.  and  Rosenberg,  S.  A.  (Eds.):   Immunotherapy  of  Cancer:   Present 
Status  of  Trials  in  Man,  Elsevier,  North  Holland,  New  York,  NY,  in  press. 
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Project  Description 

Objectives:  The  principal  objective  of  this  project  is  to  develop,  in  an 
experimental  system,  safe  and  effective  vaccines  to  eradicate  microscopic 
lymph  node  metastases  remaining  after  surgical  removal  of  a  primary  tumor. 

Methods  Employed:   Model  of  clinical  stage  I  disease  with  microscopic  metas- 
tases.  The  line-10  transplantable  hepatoma,  derived  originally  from  a 
primary  hepatoma  induced  in  a  male  strain-2  guinea  pig  by  diethylnitrosamine, 
was  maintained  as  an  ascites  turner.   Intradermal  injection  of  line-10  cells 
into  syngeneic  guinea  pigs  (10°  cells  per  guinea  pig)  produced  dermal  tumors 
with  subsequent  development  of  lymph  node  metastases.   The  dermal  tumors 
were  surgically  removed  after  7  days  at  which  time  there  were  no  palpable 
lymph  node  metastases.   However,  all  of  these  animals  had  microscopic  tumor 
cell  deposits  in  the  first  draining  lymph  node  (superficial  distal  axillary) 
(SDA)  and,  if  given  no  post-surgical  treatment,  died  from  progressive  growth 
of  lymph  node  metastases. 

Immunotherapy  of  micrometastases.   Tumor  cell-containing  vaccines  were  tested 
for  ability  to  prevent  growth  of  metastases  by  injecting  them  intradermally 
two  days  after  surgical  removal  of  the  dermal  tumor.   Vaccines  were  injected 
contralateral  to  the  surgical  site.   The  vaccines  contained  live  or  irradiated 
line-10  tumor  cells  admixed  with  a  mycobacterial  adjuvant  consisting  of 
an  emulsion  of  oil  droplets  containing  BCG  cell  walls  (BCG  CW). 

Detection  of  immune  lymphoid  cells.   To  evaluate  the  immune  response  of 
vaccine-treated  guinea  pigs,  spleen  and  peritoneal  exudate  cell  suspensions 
were  prepared  at  various  times  after  immunization  and  injected  i.v.  into 
normal  strain-2  guinea  pigs.  Recipients  were  challenged  on  the  day  of  trans- 
fer by  intradermal  (i.d.)  injection  of  105  live  line  10  tumor  cells. 

Major  Findings:   Treatment  of  micrometastases  in  the  SDA  lymph  node.   Post- 
surgical immunization  with  vaccines  containing  BCG  CW  plus  live  or  irradiated 
L10  cells,  significantly  reduced  the  incidence  of  lymph  node  metastases. 
When  vaccines  contained  6  x  10°  living  tumor  cells,  60?  of  the  treated  animals 
were  protected.  Treatment  with  vaccines  containing  30  x  10°  living  tumor 
cells  cured  7k%   of  the  treated  animals  and  appeared  to  give  more  consistent 
results  than  were  obtained  with  the  lower  tumor  cell  dose.   The  improvement 
in  therapeutic  activity  achieved  by  increasing  the  dose  of  living  tumor 
cells  was  counterbalanced  by  an  increase  in  the  tumorigenicity  of  the  vaccine. 

To  eliminate  the  risks  associated  with  live  tumor  cell  vaccines  we  tested 
vaccines  containing  line  10  cells  rendered  non-tumorigenic  by  gamma  or  X- 
irradiation.   Since  irradiation  may  reduce  immunogenicity  of  tumor  cells, 
we  carried  out  a  series  of  experiments  to  compare  the  therapeutic  efficacy 
of  vaccines  containing  live  or  irradiated  line  10  cells.  The  live  vaccines 
cured  7H%   of  the  animals  in  these  experiments  and  in  each  experiment  cured 
at  least  50?.   This  contrasted  with  the  irradiated  vaccines  which  cured 
the  majority  of  the  animals  in  only  six  of  twelve  experiments  and  cured 
H9%   over  all. 
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Experiments      were  undertaken  to  analyze  some  of  the  factors  influencing 
success  of  vaccines  containing  irradiated  tumor  cells.  BCG  CW  were  a  necessary 
component  of  vaccines  used  for  eradication  of  metastases  remaining  after  sur- 
gery.  Vaccines  containing  irradiated  tumor  cells  alone  or  BCG  CW  alone  failed 
to  cure  any  guinea  pigs.   A  supraoptimal  dose  of  BCG  CW  was  defined.  Vaccines 
containing  3  mg  of  BCG  CW  were  ineffective  in  postoperative  immunotherapy. 
BCG  CW  functioned  effectively  as  adjuvants  over  a  dose  range  of  100-750  ug. 
A  minimum  dose  of  about  30  x  10"  irradiated  tumor  cells  was  required  in 
the  presence  of  adjuvant  to  lead  tOndestruction  of  lymph  node  metastases. 
Guinea  pigs  treated  with  1-1.2  x  10  irradiated  tumor  cells  were  cured  in 
55-88^  of  cases.   A  plateau  in  the  irradiated  tumor  cell  dose  response  curve 
was  not  found  in  individual  experiments,  but  appeared  to  be  in  the  region  of 
10^  irradiated  tumor  cells.   No  supraoptimal  dose  of  irradiated  tumor  cells 
was  found.   The  effective  tumor  cell  dose  could  be  delivered  by  administering 
a  large  number  of  irradiated  tumor  cells  (10°)  in  a  single  treatment,  by 
repeated  treatments  with  smaller  doses  (30  x  10°)  of  irradiated  tumor  cells 
or  by  treatment  with  live  instead  of  irradiated  tumor  cells. 

Cellular  immune  response  after  vaccine  treatment.   Studies  were  carried 
out  on  the  cellular  immune  response  induced  by  i.d.  injection  of  vaccines 
containing  BCG  CW  and  line  10  tumor  cells.   Spleen  and  peritoneal  exudate 
cells  from  immunized  guinea  pigs,  transferred  i.v.  to  normal  animals,  enabled 
recipients  to  reject  an  i.d.  challenge  with  live  line  10  cells.  Immune 
cells  were  detected  14  and  21  days  (but  not  7  days)  after  vaccine  treatment. 
Vaccines  containing  live  L10  cells  appeared  to  be  more  effective  in  inducing 
immune  cells  than  were  irradiated  cell  vaccines.  Guinea  pigs  with  microscopic 
lymph  node  metastases  treated  postoperatively  by  immunization  developed 
a  population  of  spleen  cells  capable  of  transferring  tumor  resistance  to 
normal  recipients. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute.   This 
study  shows  that  vaccines  containing  non-replicating  tumor  cells  and  non- 
living mycobacterial  adjuvant  can  be  used  to  eradicate  distant  occult  lymph 
node  metastases.  Since  these  vaccines  are  neither  infectious  nor  tumorigenic 
and  since  they  are  effective  against  distant  metastases,  they  may  provide 
a  method  for  safely  eliminating  residual  metastatic  disease  remaining  after 
surgery. 

Proposed  Course  of  Project:   Attempts  will  be  made  to  improve  the  efficacy 
of  the  vaccines  by  further  defining  the  optimal  conditions  of  treatment. 
We  will  attempt  to  identify  the  mycobacterial  components  required  for  adjuvant 
activity  in  this  system.  Experiments  are  in  progress  to  test  whether  BCG 
CW  can  be  replaced  by  defined  mycobacterial  components  such  as  trehalose 
dimycolate  and  muramyl  dipeptide.  The  in  vivo  assay  for  LlO-immune  lymphoid 
cells  will  be  used  to  further  examine  the  immune  response  to  L10  vaccines 
and  to  test  for  impairment  of  the  response  as  a  result  of  1)  treatment 
with  supra-optimal  BCG  CW  dose  and  2)   tumor-bearing  status. 
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It  is  the  purpose  of  this  project  to  establish  the  conditions  and  methods  best 
suited  to  the  prevention  and  treatment  of  cancer  by  Immunostimulation.   The 
area  of  current  interest  is  immunotherapy  of  animals  with  microscopic  lymph 
node  metastases  or  occult  visceral  metastases  remaining  after  surgery. 
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Objectives:  The  primary  objective  of  this  project  is  to  define  the  methods 
and  conditions  best  suited  for  immunotherapy  of  clinical  stage  II  malignant 
disease. 

Methods  Employed:  Tumor.  A  transplantable  syngeneic  cavian  hepatocellular 
carcinoma,  designated  line-10,  was  used. 

Cavian  model  for  clinical  stage  II  malignant  disease.   Line-10  cells  were 
injected  intradermally  into  strain-2  guinea  pigs.   When  the  draining  lymph 
nodes  were  palpable,  animals  were  treated  by  excision  of  the  dermal  tumor  and 
superficial  distal  axillary  lymph  node  followed  by  active  immunotherapy. 
Animals  were  immunized  two  days  after  surgery  with  vaccines  containing  live 
or  irradiated  tumor  cells  admixed  with  an  oil-in-water  emulsion  of  BCG 
CW. 

Bioassay  for  number  of  tumor  cells  within  lymph  nodes.   Lymph  nodes  were 
disaggregated  in  Petri  dishes  with  19g  needles  and  the  cell  suspensions 
were  transferred  quantitatively  to  the  peritoneal  cavities  of  weanling  strain- 
2  male  guinea  pigs.   The  number  of  tumor  cells  present  within  a  lymph  node 
was  estimated  by  relating  the  survival  times  of  guinea  pigs  that  received 
i.p.  injections  of  disaggregated  lymph  node  cells  to  the  survival  times 
of  guinea  pigs  that  received  i.p.  injections  of  known  doses  of  ascites  line 
10  tumor  cells. 

Murine  model  for  treatment  of  microscopic  pulmonary  metastases.   C3H/HeMr 
MTV  male  mice  were  injected  by  the  i.v.  route  with  Tumor  1023  cells  (10  ). 
Mice  were  treated  1  day  after  injection  of  tumor  cells  by  i.d.,  i.p.,  or 
i.v.  injection  of  trehalose  dimycolate  (TDM),  BCG  cell  walls  (CW)  or  X-irradi- 
ated  Tumor  1023  cells. 

Major  Findings:  Cavian  model  for  stage  II  disease.   A  single  post-operative 
immunization  with  vaccines  containing  30  x  10°  live  or  irradiated  tumor 
cells  admixed  with  750  ug  BCG  CW  significantly  prolonged  survival  but  did 
not  cure  a  significant  proportion  of  the  treated  animals.  Two  post-operative 
immunizations  with  vaccines  containing  100  x  10°  X-irradiated  tumors  admixed 
with  750  jug  BCG  CW  did  cure  a  significant  proportion  of  the  treated  animals. 

The  number  of  micrometastases  remaining  after  surgical  treatment  was  determined 
with  a  sensitive  bioassay  and  found  to  be  10-1000  cells;  these  micrometastases 
were  confined  in  virtually  all  animals  to  the  proximal  axillary  lymph  nodes. 

Murine  model  for  microscopic  pulmonary  metastases.   Intraperitoneal  injection 
of  TDM  or  irradiated  Tumor  1023  cells  was  effective  treatment  for  mice  with 
microscopic  pulmonary  metastases. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Control 
of  residual  malignant  disease  remains  one  of  the  foremost  problems  in  human 
cancer  therapy.  Immunosuppression  related  to  the  underlying  malignancy 
may  develop  at  some  stage  of  the  disease  and  inhibit  active  immunization. 
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Our  data  suggest  that  no  irreversible  immunosuppressive  effects  developed 
in  guinea  pigs  during  a  3  week  period  of  tumor  growth.  The  number  of  tumor 
cells  remaining  after  surgery  is  a  primary  determinant  of  the  success  of 
active  specific  immunotherapy. 

Proposed  Course  of  Project.   Attempts  will  be  made  to  develop  a  program 
of  active  specific  immunotherapy  for  treatment  of  cats  with  mammary 
adenocarcinoma . 

Publications 


Rapp,  H.J.  and  Hunter,  J.T.:   Animals,  test-tubes  and  cancer:   In  vivo  Veritas, 
In  vitro  mendacium.   In  Sela,  M.  (Ed.):   Study  Week  on  the  Role  of  Non-Specific 
Immunity  in  the  Prevention  and  Treatment  of  Cancer,  Vatican  Press,  Vatican 
City,  pp.  1-10,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  is  the  purpose  of  this  project  to  elucidate  the  mechanism  of  the  immunologic 
rejection  of  tumor  grafts  and  to  determine  the  mechanism  of  tumor  suppression 
following  immunostimulation  with  BCG.  Current  areas  of  investigation  are: 
evaluation  of  the  specificity  of  immunization  evoked  by  living  BCG  and  fibrosar- 
coma cells  and  development  of  methods  for  elimination  of  microscopic  metastases 
remaining  after  surgery. 
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Project  Description 

Objectives:  The  goals  of  this  project  are:   to  develop  reliable  methods 
to  augment  tumor  rejection  immunity,  to  use  quantitative  tests  to  measure 
the  degree  of  host  tumor  rejection  immunity,  to  compare  the  degree  of  tumor 
rejection  immunity  in  animals  immunized  by  different  methods  and  to  develop 
murine  models  for  study  of  active  immunotherapy  of  microscopic  visceral 
metastases. 

Methods  Employed:   Animals.   Male  C3H/HeN  MTV~  mice  were  obtained  from  the 
Charles  River  Laboratories,  Wilmington,  Mass. 

Tumors.   Transplantable  syngeneic  fibrosarcomas,  designated  1023,  1038  and 
1063  were  induced  in  the  subcutaneous  tissues  of  C3H/HeNIcr  male  mice  with 
pellets  of  1%   3-methylcholanthrene  in  paraffin.   Tumor  cell  suspensions 
were  prepared  by  enzymatic  digestion  of  minced  tumors. 

Preparation,  infection  and  maintenance  of  mouse  embryo  (ME)  cell  cultures. 
Fetuses,  removed  aseptically  from  mice,  wer£  disaggregated  by  incubation 
of  minced  fetal  tissue  with  trypsin.   ME  cell  cultures  were  established 
by  seeding  disaggregated  ME  cells  in  tissue  culture  flasks.   ME  cell  cultures 
were  infected  with  murine  leukemia  virus  (MuLV)  twenty- four  hours  after 
ME  cells  were  seeded  by  replacement  of  the  existing  nutrient  medium  with 
medium  containing  polybrene  and  MuLV.   Nutrient  fluids  were  replaced  24 
hours  after  infection  and  thereafter  at  2-3  day  intervals.   Seven-eight 
days  after  ME  cells  were  seeded,  the  cells  were  harvested  and  placed  in 
new  tissue  culture  flasks.   ME  cells,  harvested  from  tissue  culture  flasks 
on  day  14,15,  or  16,  were  washed  once  and  resuspended  in  medium  without 
serum  or  antibiotics.   ME  cells  were  kept  on  ice  until  just  before  admixture 
with  living  BCG  and  injection  into  syngeneic  mice. 

Immunization.  Mice  were  immunized  by  injection  of  living  BCG  alone  or  admixed 
with  syngeneic  embryo  cells  infected  with  MuLV  or  not  infected  with  MuLV.   For 
mixtures  of  BCG  and  ME, cells,  equal  volumes  of  BCG  (107  colony  forming  units) 
and  ME  cells  (1-3  x  10  cells)  were  mixed  in  a  test  tube  just  before  injection. 
To  determine  the  influence  of  route  of  injection  on  ability  of  mice  to  inhibit 
growth  of  a  tumor  challenge,  mice  were  immunized  either  by  the  i.d.,  i.p. 
or  i.v.  routes. 

C3H/HeN  MTV"  male  mice  were  immunized  by  intradermal  injection  of  living 
tumor  cells  alone,  adjuvant  alone  or  living  tumor  cells  admixed  with  adjuvant. 
To  prevent  progressive  tumor  growth,  vaccine  sites  were  excised. 

Quantitation  of  host  resistance.  To  determine  the  degree  of  resistance  pro- 
duced by  immunization,  control  and  immunized  mice  were  challenged  with  graded 
doses  of  tumor  cells;  for  each  dose  of  tumor  cells  5-10  animals  were  tested. 
The  number  of  cells  required  to  produce  tumors  in  50/&  of  mice  was  calculated 
by  the  Reed-Muench  formula.  The  standard  error  of  the  TD50  was  calculated 
.according  to  the  Pizzi  formula.  The  RI  was  the. difference  between  the 
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log..  -TD50  in  immunized  and  normal  animals.   Signficance  of  the  difference 
between  values  of  log, nTD50  in  different  groups  of  animals  was  estimated 
by  Student's  t-test.  When  the  value  of  t  was  greater  than  or  equal  to  2.0, 
the  difference  between  the  log  TD50  in  the  two  compared  groups  of  animals 
was  considered  significant. 

Major  Findings:   Specificity  of  immunization  with  murine  fibrosarcomas  and 
living  BCG.   Cross-protection  was  found  between  two  of  the  three  fibrosarcomas 
tested.   Mice  immunized  with  BCG  and  cells  from  either  Tumor  1038  or  Tumor 
1063  were  protected  against  challenge  with  both  of  these  tumors.   They  were 
not,  however,  protected  against  challenge  with  the  third  tumor  (1023). 
Protection  against  Tumors  1038  and  1063  was  not  induced  by  immunization 
with  BCG  admixed  with  cells  from  embryonic  tissue,  normal  adult  tissue  or 
mammary  carcinoma  tissue. 

Ecotropic  murine  leukemia  virus,  released  by  tumor  cells  growing  in  tissue 
culture  flasks,  was  cloned  by  the  limiting  dilution  technique  and  used  to 
infect  cultures  of  syngeneic  mouse  embryo  cells.   Mice  were  immunized  by 
the  intradermal,  i.v.  or  i.p.  routes  with  living  Mycobacterium  bovis  strain 
bacillus  Calmette-Guerin  (BCG)  admixed  with  mouse  embryo  cells  infected 
with  murine  leukemia  virus  and  challenged  with  graded  doses  of  tumor  cells. 
The  response  of  immunized  mice  to  tumor  cell  challenge  depended  on  the  route 
of  immunization.  Mice  immunized  by  the  intradermal  or  i.p.  routes  with 
BCG  admixed  with  mouse  embryo  cells  infected  with  murine  leukemia  virus 
had  increased  resistance  to  tumor  growth  while  mice  immunized  by  the  i.v. 
route  did  not.   Mice  immunized  by  the  intradermal  route  had  increased  resis- 
tance to  a  tumor  challenge  given  adjacent  to  the  immunization  site  but  not 
to  a  tumor  challenge  given  remote  from  the  immunization  site.   In  contrast 
to  the  restricted  nature  of  immunity  produced  by  intradermal  immunization, 
immunization  by  the  i.p.  route  produced  resistance  to  a  challenge  given 
remote  from  the  site  of  immunization.   Under  optimal  conditions  of  immunization 
by  the  i.p.  route,  immunized  mice  rejected  1000  fold  more  tumor  cells  than 
unimmunized  control  mice. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Tumors 
induced  by  chemical  carcinogens  have  been  thought  to  contain  individually 
specific  tumor  rejection  antigens.  Recently,  reports  have  appeared  that 
document  examples  of  cross  protection  among  respiratory  tract  carcinomas 
in  rats,  cutaneous  squamous  cell  carcinomas  in  mice  and  carcinogen  induced 
fibrosarcomas  in  mice.  The  results  of  our  experiments  suggest  an  explanation 
for  these  examples  of  cross  protection.  Antigens  coded  for  by  endogenous 
retroviruses  may  serve  as  tumor  rejection  antigens  on  tumors  induced  by 
chemical  carcinogens.   It  may  be  possible  to  immunize  the  host  to  these 
antigens  and  prevent  chemical  or  physical  carcinogenesis.   Other  investigators 
have  shown  that  leukemia  in  AKR  mice  and  leukemia  induced  by  X-irradiation 
in  C57BL/6  mice  can  be  prevented  by  passive  immunization  with  antibodies 
to  MuLV. 

Proposed  Course  of  Project:  We  will  attempt  to  identify  the  tumor  rejection 
antigen(s)  present  in  syngeneic  mouse  embryo  cells  infected  with  MuLV. 
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Ecotropic,  dual-tropio  and  amphotropic  MuLV,  as  well  as  replication  defective 
MuLV,  will  be  used  as  probes  to  determine  which  viral  antigen(s)  are  necessary 
to  produce  resistance  to  a  challenge  with  a  chemically- induced  fibrosarcoma. 

We  will  correlate  results  of  quantitative  analyses  of  tumors  for  content  of  in- 
fectious MuLV  and  of  viral  antigens  with  susceptibility  to  immunoprophylaxis. 
Emphasis  will  be  placed  on  tumors  induced  by  ultraviolet  light  since  some 
investigators  have  reported  that  these  tumors  contain  a  common  TRA. 

Experiments  will  be  performed  to  confirm  and  extend  the  observations  of 
Huebner  and  coworkers  who  demonstrated  that  active  immunization  to  MuLV 
interferes  with  chemical  carcinogenesis. 

Publications 

Zbar,  B. ,  Canti,  G.,  Rapp,  H.J.,  Ashley,  M.P.,  Sukumar,  S. ,  and  Bast,  R.C., 
Jr.   Immunoprophylaxis  of  syngeneic  methylcholanthrene-induced  murine  sarcomas 
with  Bacillus  Calmette-Guerin  and  tumor  cells.   Cancer  Res.  40:   1036-1042, 
1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Components  of  mycobacteria  injected  in  oil/water  emulsions  into  syngeneic 
tumors  growing  in  the  skin  of  guinea  pigs  or  mice  caused  the  tumors  to  regress. 
Animals  cured  of  their  tumors  were  resistant  to  rechallenge  with  the  same 
tumor.  A  mixture  of  living  tumor  cells  and  emulsified,  heat-killed  BCG  cells 
injected  intradermally  into  guinea  pigs  with  growing  dermal  tumor  and  micro- 
scopic lymph  node  metastasis  caused  eradication  of  the  dermal  tumor  and  lymph 
node  metastases. 
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Project  Description 

Objectives:   The  main  objective  of  this  project  is  to  identify  mycobacterial 
components  with  maximal  antitumor  effects  and  minimal  toxicity. 

Methods  Employed:   Malignant  hepatomas  were  induced  in  strain-2  guinea  pigs 
by  the  feeding  of  diethylnitrosamine.   Ascites  variants  of  the  tumors  were 
maintained  by  serial  intraperitoneal  passage. 

A  fibrosarcoma  arose  in  the  subcutaneous  tissues  of  a  C3H/HeNIcr  male  mouse 
after  implantation  of  paraffin  pellets  containing  1%   3-methylcholanthrene. 
The  tumor  was  maintained  by  serial  passage  in  syngeneic  mice. 

Oil/water  emulsions  of  mycobacterial  components  were  prepared  by  ultrasoni- 
fication  or  grinding.  The  following  mycobacterial  components  were  investi- 
gated: heat  killed  BCG  cells,  trehalose-6 ,6 '-dimycolate  (TDM),  and  muramyl 
dipeptide. 

Emulsified  mycobacterial  components  were  infiltrated  into  the  growing  tumors. 
The  tumors  were  subsequently  observed  for  progression  or  regression. 

Mycobacterial  preparations  or  synthetic  compounds  related  to  TDM  (C76  or 
C39)  were  injected  intravenously  into  normal  mice  and  their  weight  and  deaths 
were  recorded. 

Major  Findings:   1)  Mycobacterial  components  and  analogs  were  tested  for 
antitumor  activity  and  toxicity.   Intratumoral  injection  of  ultrasonically 
prepared  emulsions  of  the  synthetic  glycolipid  methyl  6-0-(2-tetradecyl-3- 
hydroxyoctadecanoyl)- 3y-D-glucopyranoside  (designated  C39)  induced  complete 
regression  of  transplants  of  a  syngeneic  murine  fibrosarcoma  in  most  of  the 
treated  animals  as  did  6,6'-di-0-(2-tetradecyl-3-hydroxyoctadecanoyl)-  3,  S\, 
-trehalose  (designated  C76)  in  a  previous  study.  The  C76  compound,  about 
twice  the  molecular  weight  of  C39,  was  more  effective  therapeutically  than 
the  smaller  molecule.  Ultrasonically  prepared  emulsions  of  C39  and  C76  were 
not  toxic  when  given  intravenously.   Intravenously  administered  emulsions 
of  C39  prepared  by  mechanical  grinding  were  more  toxic,  but  less  granulo- 
magenic,  than,  those  containing  C76„ 

2)  Hexadecane  was  compared  to  mineral  oil  for  its  influence  on  the  antitumor 
activity  in  mice  of  emulsified  Bacillus  Calmette-Guerin  cell  walls  (CW)  or 
emulsified  trehalose-6, 6 '-dimycolate  (TDM).  Mice,  each  with  an  established 
transplant  of  a  syngeneic  fibrosarcoma,  received  an  intratumoral  injection 

of  a  graded  dose  of  CW  or  of  TDM  emulsified  with  different  amounts  of  mineral 
oil  or  hexadecane.   Hexadecane  was  an  effective  substitute  for  mineral  oil 
as  a  carrier  of  CW  or  TDM  in  the  treatment  of  the  tumor.  The  number  of 
animals  in  which  tumor  regressed  completely  depended  on  the  concentration 
of  mineral  oil  or  hexadecane  in  the  emulsion. 

3)  The  influence  of  Tween  80,  the  surfactant  used  to  stabilize  the  emulsions, 
•on  the  antitumor  activity  of.  ultrasonically  prepared  mineral  oil-in-water 
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emulsions  of  CW  or  TDM  was  studied.  The  number  of  treated  mice  in  which 
tumor  regressed  completely  depended  on  the  concentration  of  Tween  in  each 
of  the  emulsions.   A  range  of  Tween  concentrations  was  found  above  which 
the  preparations  became  less  therapeutically  active.   As  the  concentration 
of  Tween  was  decreased  below  the  optimal  range,  TDM  became  less  therapeutically 
active,  but  CW  retained  antitumor  activity  even  in  the  absence  of  added 
detergent.   Preparations  emulsified  by  grinding  contained  larger  oil  droplets 
than  did  those  prepared  by  ultrasonication  and  their  antitumor  activity  was 
unaffected  by  concentrations  of  Tween  that  were  high  enough  to  inhibit  the 
antitumor  activity  of  ultrasonically  prepared  emulsions  of  mycobacterial 
components. 

4)  Mycobacterium  bovis  (BCG),  M.  phlei  and  M.  smegmatis  were  each  tested 
in  emulsified  form  for  their  potency  to  cause  regression  of  transplants  of 
a  syngeneic  murine  fibrosarcoma  and  of  a  syngeneic  guinea  pig  hepatoma. 

On  a  weight  basis,  M.  phlei  and  M.  smegmatis  were  as  effective  as  BCG  in 
causing  tumor  regression.   M.  phlei  and  M.  smegmatis  were  comparable  to  BCG 
in  provoking  delayed  cutaneous  hypersensitivity  reactions  in  guinea  pigs 
sensitized  to  M.  phlei  or  M.  smegmatis.   In  BCG  sensitized  guinea  pigs,  M. 
phlei  and  M.  smegmatis  provoked  weaker  delayed  cutaneous  hypersensitivity 
reactions  than  did  BCG.   Purified  protein  derivative  of  M.  tuberculosis  was 
more  active  in  eliciting  delayed  cutaneous  hypersensitivity  in  BCG-sensitized 
guinea  pigs  than  in  animals  sensitized  with  M.  phlei  or  M.  smegmatis. 

5)  The  antitumor  activity  of  an  emulsified  mixture  of  cord  factor  (trehalose- 
6,6 '-dimycolate,  a  mycobacterial  glycolipid)  and  synthetic  MDP  (muramyl  dipep- 
tide)  was  studied  in  guinea  pigs,  each  with  an  established,  syngeneic  dermal 
tumor  and  microscopically  detectable  metastasis  in  regional  lymph  nodes. 

A  single  intralesional  administration  of  the  emulsified  mixture  was  an  effec- 
tive treatment  causing  tumor  regression  and  elimination  of  lymph  node  metas- 
tasis.  C76  could  substitute  for  cord  factor  in  this  mixture.   Animals  cured 
of  their  tumors  by  this  treatment  rejected  a  contralateral  tumor  cell  challenge. 
MDP  was  toxic  to  guinea  pigs  when  given  intralesionally  at  doses  of  2  mg 
or  more  (about  200  times  the  dose  used  for  effective  immunotherapy)  as  judged 
by  loss  of  weight  and  death. 

6)  Intralesional  administration  of  emulsified  trehalose-6, 6 '-dimycolate 
was  compared  to  surgery  in  the  treatment  of  mice  with  growing  intradermal 
implants  of  a  syngeneic  fibrosarcoma.   Treatments  were  given  about  one  month 
after  tumor  implantation  when  a  majority  of  animals  so  treated  had  metastatic 
foci  of  tumor  in  the  lungs.  Mice  treated  with  trehalose-6, 6 '-dimycolate 

or  by  surgery  survived  significantly  longer  than  untreated  mice.  Some  treated 
mice  were  alive  and  tumor-free  six  months  after  tumor  inoculation.  The  differ- 
ences in  cure  rates  and  prolongation  of  survival  between  the  trehalose-6, 6 '- 
dimycolate  treated  group  and  the  surgically  treated  group  were  not  statistically 
significant.  Several  mice  died  soon  after  surgery;  no  deaths  could  be  attri- 
buted to  the  acute  effects  of  immunotherapy. 

7)  Active  specific  immunotherapy  with  a  vaccine  containing  living  tumor 
cells  and  heat-killed  BCG  cells  led  to  eradication  of  established  dermal 
line  10  tumors  and  microscopic  lymph  node  metastasis  in  25/39  guinea  pigs. 
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Vaccines  were  injected  in  3  sites:  2.5  cm  anterior  to  the  inguinal  lymph 
nodes  on  the  right  and  left  flank  and  2.5  cm  posterior  to  the  superficial  r 
distal  axillary  lymph  node  on  the  right  flank.   Each  site  received  3  x  10 
living  tumor  cells  and  1  nig  of  emulsified  BCG  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Immunotherapy  with  intralesionally  administered  mycobacterial  components 
was  effective  treatment  for  animals  with  solid  tumors  and  with  no  evidence 
of  gross  lymph  node  or  visceral  metastasis.   There  are  clinical  situations 
in  which  similar  treatment  might  be  a  practical  and  desirable  approach. 
Killed  BCG  with  TDM  or  M.  smegmatis  cell  wall  skeletons  with  TDM  have  been 
reported  to  be  effective  in  the  treatment  of  human  skin  cancer.   Nonviable 
mycobacterial  components  could  provide  stable  and  easily  standardized  immuno- 
therapeutic  agents  and  would  avoid  the  risk  of  progressive  infection.  Several 
nonviable  mycobacterial  preparations  have  been  found  to  be  at  least  as  effec- 
tive as  living  BCG  for  experimental  tumor  immunotherapy  if  the  agents  are 
administered  intralesionally.   Additional  studies  to  establish  the  safety 
and  efficacy  of  such  agents  for  clinical  use  are  in  progress.   Toxicity 
studies  in  experimental  animals  could  identify  immunotherapeutic  doses  of 
mycobacterial  components  that  produce  acceptably  low  levels  of  hypersensitivity 
reactions.   The  availability  of  synthetic  compounds  for  cancer  immunotherapy 
offers  an  opportunity  to  explore  the  relationship  between  the  chemical  struc- 
ture of  the  agent  and  its  tumor  regressive  potency.  The  results  of  such 
studies  may  permit  the  design  of  molecules  with  antitumor  activity  and  without 
unwanted  side  effects. 

The  active  specific  immunotherapy  study  indicates  that  an  effective  vaccine 
may  cause  regression  of  relatively  large  dermal  tumors  as  well  as  microscopic 
lymph  node  metastasis. 

Proposed  Course  of  Project:   Experiments  designed  to  determine  the  require- 
ments for  successful  immunotherapy  will  be  continued.   Emphasis  will  be  placed 
on  the  isolation  and  definition  of  additional  components  of  mycobacteria 
which  cause  regression  of  dermal  tumors  and  palpable  lymph  node  metastases. 
Synthetic  analogs  of  mycobacterial  components  will  be  investigated  for  their 
antitumor  activities.   Attempts  will  be  made  to  cure  advanced  tumors,  which 
currently  available  mycobacterial  preparations  failed  to  affect,  by  a  combina- 
tion of  chemotherapy  and  immunotherapy. 

The  optimal  doses,  and  kinds  of  drugs  and  mycobacterial  preparations  and 
schedules  of  administration  will  be  established.  Efforts  will  be  made  to 
prepare  vaccine(s)  composed  of  attenuated  tumor  cells  and  mycobacterial 
preparation(s)  for  the  effective  treatment  of  animals  with  visceral  metastasis. 

Publications 

Yarkoni,  E.  and  Rapp,  H.J.:  Influence  of  surfactant  concentration  on  the 
antitumor  activity  of  emulsified  components  of  mycobacteria.  Cancer  Res. 
40:  975-978,  1980. 
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tration on  the  efficacy  of  emulsified  Mycobacterium  bovis  (BCG)  cell  walls 
to  induce  tumor  regression  in  guinea  pigs.   Infect.  Immun.  28:  881-886, 
1980. 

Yarkoni,  E.  and  Rapp,  H.J.:   Immunotherapy  of  experimental  cancer  by  intrale- 
sional  injection  of  emulsified  nonliving  mycobacteria:   comparison  of  Myco- 
bacterium bovis  (BCG),  Mycobacterium  phlei  and  Mycobacterium  smegmatis. 
Infect.  Immun.   28:  887-892,  1980. 
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Yarkoni,  E. ,  Ruco,  L.P.,  Rapp,  H.J.  and  Meltzer,  M.S.:   Histopathology  of 
tumor  regression  by  cord  factor,  turpentine  or  endotoxin:   Dissociation  of 
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Yarkoni,  E. ,  Rapp,  H.J.,  Polonsky,  J.,  Varenne,  J.  and  Lederer,  E. :   Regression 
of  a  murine  fibrosarcoma  after  intralesional  injection  of  a  synthetic  C39 
glycolipid  related  to  cord  factor.   Infect.  Immun.   26:   462-466,  1979. 

Yarkoni,  E.  and  Rapp,  H.J.:   Immunotherapy  of  guinea  pigs  with  a  transplanted 
hepatoma:  Comparison  of  intralesionally  administered  killed  BCG  cells  and 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  concerns  the  interactions  of  specifically  sensitized  spleen 
lymphocytes  and  tumor  cells.   Efforts  were  focused  on  correlating  the  results 
of  in  vitro  cytotoxicity  tests  with  in  vivo  tests  of  tumor  cell  killing. 
The  results  indicate  that  the  cell  populations  responsible  for  in  vitro  cyto- 
toxicity are  separable  from  the  cell  population  responsible  for  adoptive 
transfer  of  immunity.  These  findings  indicate  the  need  for  confirmation 
of  results  of  in  vitro  experiments  in  animals.  Cells  mediating  adoptive 
transfer  of  immunity  do  react  with  the  targets  in  vitro,  but  this  interaction 
does  not  lead  to  target  cell  destruction. 
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Project  Description 

Objectives:  The  principal  goals  of  this  project  are  to  develop  in  vitro 
methods  to  detect  the  interactions  of  specifically  sensitized  lymphocytes 
and  tumor  cells  and  to  correlate  the  results  of  these  tests  with  in  vivo 
tests  of  tumor  killing. 

Methods  Employed:   Adoptive  transfer  of  immunity.   Spleen  cells  from  guinea 
pigs  hyperimmunized  to  line  10  were  injected  into  normal  guinea  pigs  by 
the  i.v.  or  intracardiac  routes;  each  guinea  pig  received  an  i.d.  challenge 
with  line  10  tumor  cells  (10*0 .   Inhibition  of  growth  of  the  challenge  tumor 
indicated  transfer  of  immunity  mediated  by  the  spleen  cell  preparations. 

Cytotoxicity  in  vitro:   Ascites  line-10  hepatoma  cells  did  not  adhere  to 
plastic  tissue  culture  vessels.   Growth  of  line-10  cells  as  adherent  mono- 
layers could  be  achieved  with  the  aid  of  fibronectin.   Monolayers  of  line- 
10  cells,  pulse  labelled  with  H-TdR,  served  as  targets  in  the  in  vitro 
assay.   Cytotoxicity  was  determined  by  measuring  release  of  H  from  labelled 
cells  after  48  hours  of  incubation  with  spleen  cells. 

Absorption  of  spleen  cells  in  vitro:   Spleen  cells  from  hyperimmunized  guinea 
pigs  were  absorbed  with  syngeneic  normal  or  malignant  cells  and  then  tested 
for  ability  to  kill  tumor  cells  in  vitro  and  to  adoptively  transfer  specific 
immunity. 

Major  Findings:   1)  Detection  of  specific  immunity  to  TSTA  by  adoptive 
transfer.   The  minimum  number  of  immune  spleen  cells  required  for  the  rejection 
of  a  line-10  tumor  challenge  was  10  spleen  cells.   In  vivo  rejection  of 
line-10  tumor  was  specific  since  growth  of  an  antigenically  distinct  tumor, 
line-1,  was  not  inhibited  by  spleen  cells  from  animals  hyperimmunized  to 
line-10  hepatoma.   Furthermore,  animals  that  received  spleen  cells  from 
animals  immunized  to  line-1  hepatoma  failed  to  reject  line-10  tumor  challenges. 
2)  Specificity  of  In  vitro  cytotoxicity.   In  vitro  cytotoxicity  was  demon- 
strable 48  hours  after  mixing  spleen  cells  and  target  cells.   Immune  effector 
to  target  cell  radios  (E/T)  of  100  to  1  caused  80$  ^H  release  while  similar 
nonimmune  E/T  caused  a  40$  H  release.  Cytotoxicity  produced  by  normal 
spleen  cells  could  be  reduced  to  backround  levels  by  passing  the  effector 
cells  through  a  nylon  wool  column.  Nylon  wool  passage  did  not  alter  the 
cytotoxicity  produced  by  immune  effector  cells. 

Six  experiments  were  carried  out  to  study  the  specificity  of  in  vitro  cyto- 
toxicity. Three  of  six  experiments  revealed  complete  cross  reactivity  between 
the  two  tumors.  Spleen  cells  from  guinea  pigs  immunized  to  either  line- 
10  or  line-1  were  capable  of  killing  both  line-10  and  line-1  targets.  Results 
of  the  other  3  experiments  gave  some  evidence  for  specificity. 

Absorption  of  spleen  cells  from  guinea  pigs  immunized  to  line-10  with 
line-10  monolayers  abrogated  the  ability  of  this  cell  population  to 
transfer  tumor  immunity;  absorption  of  spleen  cells  from  guinea  pigs 
immunized  to  line-10  with  strain-2  kidney  fibroblasts,  embryo  cells 
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or  line-1  hepatoma  cells  did  not  interfere  with  the  ability  of  this  cell 
population  to  transfer  tumor  immunity. 

In  contrast  to  these  in  vivo  observations,  absorption  of  spleen  cells  from 
guinea  pigs  immunized  to  line-10  with  line-10  or  line-1  cell  monolayers  but 
not  with  strain-2  fibroblasts  or  embryo  cells  abrogated  the  ability  of  this 
cell  population  to  cause  release  of  ^H-TdR  from  line-10  cells  in  vitro. 
These  data  demonstrate  that:   a)   the  results  of  this  48  hour  in  vitro  cyto- 
toxicity test  do  not  predict  whether  a  cell  population  will  transfer  tumor 
immunity  to  a  normal  guinea  pig  recipient,   b)  the  cell  subpopulation  in 
the  spleens  of  hyperimmunized  guinea  pigs  that  transfers  tumor  immunity  is 
distinguishable  from  the  cell  subpopulation  that  causes  release  of  %-TdR 
from  line-10  in  vitro,   c)   the  subpopulation  of  cells  that  transfers  tumor 
immunity  binds  to  line-10  target  cells  in  vitro  without  leading  to  release 
of  3H-TdR  from  target  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Detec- 
tion of  immunologic  reactions  to  tumor  specific  transplantation  antigens 
is  essential  for  progress  in  tumor  immunology.   However,  most  published 
data  have  been  obtained  from  in  vitro  cytotoxicity  studies  and  they  may 
or  may  not  be  directly  relevant  to  events  occuring  in  vivo.   Evidence  pro- 
vided in  our  experiments  indicates  that  cells  that  are  cytotoxic  in  vitro 
are  probably  not  the  cells  responsible  for  specific  in  vivo  suppression 
of  a  tumor  challenge.   Immune  cells  specific  for  TSTA  do  interact  with  their 
targets  without  apparent  cytotoxic  effect.   These  findings  suggest  that 
adoptive  transfer  of  tumor  immunity  requires  both  specifically  sensitized 
spleen  cells  and  host  factors.  The  results  provide  a  foundation  for  the 
study  of  the  mechanisms  underlying  specific  immune  eradication  of  tumors. 

Proposed  Course  of  Project:  We  plan  to  study:   a)  isolation  and  charac- 
terization of  cells  able  to  adoptively  transfer  immunity,  b)  mechanisms 
of  immune  reactions  to  tumor  cells  in  vivo  and  in  vitro  and  c)  growth  in 
vitro  of  the  specific  immune  cells. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Pretreatment  of  tumor  cells  with  chemo therapeutic  agents,  metabolic  inhibitors, 
enzymes  or  hormones  modifies  the  susceptibility  of  the  cells  to  killing  by 
antibody  and  complement.   The  purpose  of  this  investigation  is  to  determine 
the  attributes  of  the  cell  which  are  modified  following  treatment  with  the 
agents,  and  to  determine  if  these  treatments  affect  the  cells'  susceptibility 
to  other  types  of  immune  attack  (i.e.,  cell  mediated  killing) . 


PHS-6040 
(Rev.  10-76) 


726 


Project  No.  Z01  CB  08550-06  LIB 

Project  Descritpion 

Objectives:   1)  To  study  the  mechanisms  whereby  enzymes,  metabolic  inhibitors, 
and  anti-lipidemic  agents  increase  the  sensitivity  of  tumor  cells  to  immune 
attack;  2)  to  study  mechanisms  whereby  hormones  decrease  sensitivity  of  cells 
to  immune  attack;  3)  to  determine  metabolic  pathways  and  the  physical  and 
chemical  properties  of  the  cell  that  may  be  modified  following  such  treatment; 
4)  to  determine  the  cellular  processes  that  may  be  modified  following  immune 
attack;  5)  to  manipulate  physico-chemical  properties  of  the  cells  to  study 
their  role  in  sensitivity  to  immune  attack. 

Methods  Employed:   Antibody  is  quantitated  by  the  complement  (C)  fixation  and 
transfer  test  and  immune  cytolysis.   Sensitivity  of  cells  to  antibody-C  attack 
is  measured  by  uptake  of  trypan  blue  and/or  release  of   -)IUdR.   Incorporation 
of  radioisotopically-labeled  precursors  of  DNA,  RNA,  protein,  complex  carbo- 
hydrate, glycoproteins,  glycolipids  and  lipids  are  being  used  to  measure 
general  metabolic  properties  of  the  cells.   Thin  layer  chromatography  is  being 
utilized  to  analyze  and  identify  specific  lipid  moieties  synthesized  by  the 
cells.   Sucrose  density  gradient  ultracentrifugation  is  used  to  prepare  plasma 
membrane  and  intracellular  membrane  fractions  of  tumor  cells.   High  pressure 
liquid  chromatography  (HPLC)  is  being  utilized  to  determine  the  lipid  and  fatty 
acid  content  and  composition  of  the  cells.   Sensitivity  of  cells  to  cell-mediated 
immune  attack  is  measured  by  -'-'■Cr  release. 

Major  Findings:   Line-10  guinea  pig  hepatoma  cells  are  resistant  to  killing  by 
antibody  plus  GPC  but  are  susceptible  to  killing  by  antibody  plus  HuC.   Cells 
pretreated  with  certain  metabolic  inhibitors  or  chemotherapeutic  agents  are 
rendered  sensitive  to  antibody-GPC  killing;  cells  pretreated  with  selected 
polypeptide,  catecholamine,  or  steroid  hormones  are  rendered  resistant  to 
antibody-HuC  killing.   The  drug  and  hormone  effects  are  time  and  concentration 
dependent  and  are  reversible;  the  ability  of  the  cells  to  resist  antibody-C 
killing  correlated  with  their  ability  to  synthesize  complex  lipids,  but  not 
DNA,  RNA,  protein,  or  complex  carbohydrate. 

Metabolic  inhibitors  (adriamycin  and  actinomycin  D)  that  increase  the  sensi- 
tivity of  the  cells  to  antibody-C  killing  were  examined  for  their  effects  on 
the  ability  of  the  cells  to  synthesize  and  -incorporate  specific  lipids  into 
plasma  membrane  and  intracellular  membrane  fractions.   Drug- treated  cells  that 
had  been  rendered  sensitive  to  antibody-C  killing  were  inhibited  in  their 
incorporation  of  newly  synthesized  phosphatidylcholine  and  cholesteryl  ester 
into  the  plasma  membrane,  as  well  as  incorporation  of  phosphatidylcholine, 
cardiolipin,  cholesteryl  ester,  and  triglyceride  into  certain  intracellular 
organelles  including  mitochondria,  endoplasmic  reticulum,  nuclear  membrane,  or 
microsomes.   Drug-treated  cells  recultured  in  the  absence  of  the  drug  regained 
their  ability  to  resist  antibody-C  killing  and  to  synthesize  and  incorporate 
lipids  into  plasma  and  intracellular  membranes.   These  data  suggested  that 
agents  modifying  the  sensitivity  of  the  tumor  cells  to  humoral  immune  killing 
have  a  concomitant  effect  on  plasma  membrane  and  intracellular  lipid  synthesis. 
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Line-10  cells  that  had  been  rendered  resistant  to  antibody-C-mediated  killing 
following  incubation  for  1  hr  with  insulin  or  hydrocortisone  were  enhanced  in 
their  incorporation  of  newly  synthesized  L-a-phosphatidylserine,  L-a- 
phosphatidylcholine,  and  triglycerides  into  the  plasma  membrane  as  well  as 
L-a-phosphatidylcholine,  L-a-phosphatidylserine,  and  cholesteryl  ester  into 
mitochondria,  endoplasmic  reticulum,  nuclear  membrane,  or  microsomes;  these 
cells  were  inhibited  in  cardiolipin  synthesis.   Cells  cultured  for  4  hr  with 
hormone  regained  their  sensitivity  to  antibody-C-mediated  killing  and  reverted 
to  control  levels  in  their  ability  to  synthesize  and  incorporate  lipids  into 
plasma  and  intracellular  membranes.   These  data  suggest  that  agents  that 
increase  the  resistance  of  the  tumor  cells  to  humoral  immune  killing  stimulate 
the  synthesis  and  incorporation  of  specific  complex  lipids  into  plasma  membrane 
and  intracellular  organelles;  these  effects  generally  were  opposite  those 
observed  after  treatment  with  metabolic  inhibitors. 

Analysis  of  the  lipid  content  of  line-10  cells  showed  that  the  drug-  or 
hormone- induced  changes  in  lipid  synthesis  had  an  influence  on  the  mass  and 
composition  of  cellular  lipids  and  fatty  acids.   Drugs  that  render  the  cells 
susceptible  to  antibody-C  killing  (adriamycin,  actinomycin  D)  decrease  the 
unesterified  cholesterol  and  saturated  triglyceride  content  of  the  cells  and 
increase  the  polyunsaturated  esterified  cholesterol  and  triglyceride  content 
compared  to  controls.   The  cardiolipin  and  lecithin  content  of  these  cells  is 
also  decreased,  and  the  free  fatty  acid  content  increased  compared  to  untreated 
cells.   Hormones  that  render  the  cells  more  resistant  to  antibody-C  killing 
(insulin,  hydrocortisone)  enhance  the  unesterified  cholesterol  and  saturated 
triglyceride  content  of  the  cells  compared  to  controls.   The  hormones  also 
lower  the  cardiolipin  content  of  the  cells.   Both  the  drug  and  hormone  treat- 
ments are  reversible;  when  the  cells  return  to  control  levels  of  susceptibility 
to  antibody-C  killing,  their  lipid  composition  also  returns  to  control  levels. 
Drug  treatment  reversibly  increases,  whereas  hormone  treatment  reversibly 
decreases  the  polyunsaturated  fatty  acid  content  of  the  cellular  phospholipids. 
Hormone  treatment  also  increases  the  total  polarity  of  cellular  fatty  acids. 
The  drug  and  hormone  effects  on  the  lipid  and  fatty  acid  composition  of  the 
cell  affect  certain  molecular  relationships  in  the  cells.   Drug  treatment 
decreases  the  cholesterol: phospholipid  mole  ratio  and  increases  the  unsaturated 
fatty  acid  content  of  cellular  phospholipids  and  neutral  lipids.   Hormone 
treatment  causes  the  opposite  changes.   The  changes  in  these  molecular  relation- 
ships could  have  marked  effects  on  certain  physical  properties  of  the  cell, 
especially  membrane  fluidity,  permeability,  or  thickness.   Effects  on  the 
physical  properties  of  the  cells  could  explain  the  drug  and  hormone  effects 
on  the  susceptibility  of  the  cells  to  humoral  immune  attack. 

Analysis  of  the  lipid  and  fatty  acid  content  of  subcellular  fractions  from  the 
drug-  and  hormone- treated  cells  showed  that  the  changes  in  lipid  composition 
observed  in  whole  cell  lipid  extracts  were  a  reflection  of  changes  occurring 
in  the  plasma  membrane  as  well  as  in  intracellular  membranes  (i.e.,  mito- 
chondria, nuclear  membrane,  endoplasmic  reticulum,  microsome) .   Adriamycin 
treatment  decreased  the  unesterified  cholesterol  and  saturated  triglyceride 
content  while  increasing  the  polyunsaturated  fatty  acid-containing  triglycerides 
and  phospholipids  in  the  plasma  and  intracellular  membranes;  5-f luorouracil 
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(a  drug  that  is  not  effective  in  increasing  the  sensitivity  of  the  cells  to 
antibody-C  killing)  did  not  have  these  effects.   Treatment  of  the  cells  with 
insulin  or  hydrocortisone  had  exactly  the  opposite  effects  of  those  observed 
in  the  adriamycin-treated  cells.   These  results  suggest  that  modifications 
in  the  chemical  composition  of  intracellular  membranes  as  well  as  the  plasma 
membrane  of  nucleated  cells  may  influence  certain  physical  properties  of  the 
cell  membranes  (e.g.,  fluidity,  permeability)  and  as  a  result,  could  affect 
the  outcome  of  humoral  immune  attack  at  the  cell  surface. 

125 
A  method  was  developed  whereby  lactoperoxidase-catalyzed    I-iodination  of 

plasma  membrane  lipids  can  be  achieved.   The  reaction  results  in  a  uniform 
and  stable  labeling  of  cell  surface  neutral  lipids,  phospholipids,  lysophospha- 
tides,  free  fatty  acids,  and  triacylglycerides  on  the  inside  and  outside 
surfaces  of  the  membrane.   By  the  use  of  this  method,  the  action  of  antibody 
plus  C  on  the  specific  release  of  lipid  from  the  plasma  membrane  of  line-10 
tumor  cells  was  studied.   Within  15  min  after  the  addition  of  C  to  antibody- 
sensitized  cells,  the  enhanced  release  of  specific  lipid  classes  from  the  cell 
surface  was  observed;  these  lipids  included  sphingomyelin,  phosphatidylserine, 
and  phosphatidylcholine.   The  release  of  phosphatidylethanolamine  and,  in  some 
instances,  triglycerides,  was  reduced  after  antibody-C  attack.   Neither  the 
specificity  of  the  antibody  used  to  sensitize  the  cells  nor  the  ability  of  the 
antibody  plus  C  to  be  cytotoxic  to  the  cells  appeared  to  affect  the  identity 
or  amounts  of  lipids  released  from  the  cells.   These  studies  suggested  that  C 
may  exert  its  cytolytic  action  through  the  displacement  of  complex  lipids 
from  the  cell  surface,  thus  compromising  the  osmotic  integrity  of  the  cell. 
No  phospholipase  activity  was  detected  in  association  with  the  cytolytic  action 
of  GPC  or  HuC  on  the  line-10  cells. 

Line-10  tumor  cells  cultured  for  24  hr  in  lecithin-rich  normal  human  plasma  or 
with  synthetic  lecithin  showed  a  5-  to  8-fold  increase  in  their  lecithin: 
sphingomyelin  mole  ratio  without  being  affected  in  their  total  lipid  content 
or  cholesterolrphospholipid  mole  ratio.   These  cells  were  more  sensitive  to 
killing  by  antibody  plus  C  than  untreated  controls.   Line-10  cells  that  under- 
went a  homogeneously  catalyzed  hydrogenation  reaction  were  reduced  6-fold  in 
their  content  of  unsaturated  fatty  acid  compared  to  controls;  the  lipid  content 
of  these  cells  was  largely  unaffected.   These  cells  were  more  resistant  to 
antibody-C-mediated  killing  than  controls.   These  modifications  in  cellular 
lipid  and  fatty  acid  composition  could  be  reversed  when  the  cells  were  recul- 
tured  for  24  hr  in  serum-containing  tissue  culture  medium;  the  cells  regained 
control  levels  of  susceptibility  to  antibody-C  killing  at  this  time.   These 
results  suggest  that  by  manipulating  the  lipid  or  fatty  acid  composition  of 
a  tumor  cell,  either  indirectly  by  changing  the  lipid  composition  of  the 
environment  in  which  the  cell  resides  or  by  directly  altering  the  chemical 
nature  of  a  cellular  lipid  constituent,  the  susceptibility  of  the  cell  to 
humoral  immune  killing  can  be  modulated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Modification  of  a  tumor  cell  by  metabolic  inhibitors,  hormones,  chemotherapeutic 
agents  and  anti-lipidemic  agents,  or  through  chemical  or  physical  manipulation 
of  the  cell's  macromolecular  composition  furnishes  a  new  tool  to  study  the 


729 


Project  No.  Z01  CB  08550-06  LIB 

interaction  of  tumor  cells  with  the  immune  defense  mechanisms  of  the  host. 
The  study  of  the  response  by  tumor  cells  to  humoral  or  cellular  immune  attack 
through  modifications  in  various  cellular  metabolic  pathways  provides  informa- 
tion regarding  the  mechanism  of  defense  or  cytomembrane  repair  processes  in 
these  cells.   Modification  of  these  processes  may  lead  to  cells  that  are  more 
vulnerable  to  immune  attack  mechanisms. 

Proposed  Course  of  Project:   Radioisotope  incorporation  studies  will  be 
continued  as  probes  to  determine  the  cellular  functions  that  are  modified 
by  treatment  with  drugs  or  hormones.   The  chemical  attributes  of  normal  cells, 
tumor  cells  and  treated  tumor  cells  will  be  studied.   Work  will  continue  on 
the  effect  of  enzymes,  hormones  and  inhibitors  of  macromolecular  synthesis  on 
the  metabolic  function  of  the  tumor  cells.   Analysis  of  membrane-associated 
and  intracellular  macromolecules  in  these  cells  will  be  pursued.   Further 
quantitative  chemical  analysis  of  the  lipid  and  fatty  acid  composition  of 
cells  that  are  susceptible  or  resistant  to  immune  killing  will  be  made. 
Other  means  of  manipulating  tumor  cell  macromolecular  composition  without 
directly  affecting  cellular  metabolic  pathways  will  be  pursued. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Selected  chemo therapeutic  agents  injected  into  tumors  growing  in  vivo 
cause  the  tumor  to  regress.   Animals  cured  of  their  tumors  are  resistant 
to  rechallenge  with  the  same  tumor.   The  purpose  of  this  work  is  to 
analyze  the  mechanisms  of  intralesional  chemotherapy  and  include  histo- 
logical techniques,  and  methods  for  analyzing  humoral  and  cellular 
mediated  immune  mechanisms. 
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Project  Description 

Objectives:   1)  To  cure  tumors  and  induce  tumor  immunity  by  direct  treatment 
of  established  tumors  with  chemotherapeutic  agents;  2)  to  study  the  development 
of  cellular  and  humoral  immunity  in  cured  animals. 

Methods  Employed:   Inhibition  of  tumor  growth  in  animals  cured  of  tumors  by 
intratumoral  chemotherapy  is  used  to  measure  the  development  of  tumor  immunity. 
Intradermal  or  subcutaneous  implantation  of  guinea  pig  and  mouse  tumors  into 
syngeneic  animals  are  used  to  determine  malignancy.   Immunological  techniques 
employed  to  measure  humoral  and  cellular  immunity  include  complement  fixation, 
antibody-complement-mediated  killing  and  cell-mediated  cytotoxicity.   Histo- 
logical and  radioisotope  procedures  are  used  to  determine  the  effect  and 
distribution  of  chemotherapeutic  agents. 

Major  Findings:   Intralesional  injection  of  selected  chemotherapeutic  drugs 
causes  regression  of  the  malignant  guinea  pig  hepatoma  line-10.   Intralesional 
injections  of  actinomycin  D,  adriamycin,  BCNU,  cisplatinum,  vincristine,  and 
bleomycin  were  effective  in  causing  tumor  regression.   Methotrexate,  DTIC,  and 
5  FU  are  not  effective  in  causing  regression  of  tumor  growth.   Injections, 
starting  7  days  after  tumor  implantation,  were  given  5  times  a  week  for  3  weeks. 
At  this  time,  metastasis  to  draining  lymph  nodes  had  already  occurred.   None  of 
the  treatments  showed  evidence  of  drug  toxicity  to  the  animals.   Subsequent 
experiments  showed  that  single  intralesional  injections  of  concentrations  of 
drugs  which  were  toxic  if  administered  systemically  were  as  effective  in  curing 
animals  as  multiple  injections  of  the  appropriate  drug  concentration. 

Intralesional  chemotherapy  of  7  day  intralesional  line-10  tumor  with  one 
injection  of  mixtures  of  Atromid-S  plus  DTIC  or  plus  5  FU  were  not  effective 
in  causing  tumor  regression.   Different  concentrations  of  Atromid-S  (300  and 
600  mg/kg)  were  mixed  with  nontoxic  concentrations  of  DTIC  (20  mg/kg)  or  5  FU 
(15  mg/kg).   In  in  vitro  studies,  Atromid-S  inhibited  synthesis  of  lipids  and 
5  FU  inhibited  synthesis  of  DNA,  RNA,  protein  and  complex  carbohydrate,  but 
not  lipid  synthesis.   No  information  is  available  on  the  effects  of  DTIC  on 
macromolecular  synthesis. 

Histological  studies  following  a  single  intralesional  injection  of  adriamycin  • 
or  DTIC  into  line-10  tumor  were  performed.   Samples  taken  from  the  tumor  site 
showed  little  host  cell  infiltration  into  the  tumor  site  following  injection 
of  adriamcyin  compared  to  DTIC  in  saline- injected  controls.   The  regional 
draining  node  of  tumor-bearing  animals  was  tumor  free  within  7  days  following 
intralesional  injection  of  adriamycin.  Minimal  systemic  effects  were  detected 
in  adriamycin-treated  animals  as  determined  by  differential  analysis  of  blood 
and  development  of  immunity  in  animals  cured  of  their  tumors. 

Analysis  of  the  persistence  of  drug  following  intralesional  injection  of 
"Co-bleomycin  into  tumor-bearing  mice  indicated  that  no  difference  in  the 
rate  of  elimination  following,  i.v.  ,  i.p.,  i.m.  ,  s.c,  or  i.t.  injection  from 
tumor-free  or  tumor-bearing  animals  with  5  day  old  tumors.  Significant  retarded 
elimination  was  observed  in  animals  bearing  12  day  old  tumors.   Differences  in 
distribution  of  label  drug  into  various  organs  was  observed  following  injection 

733 


Project  No.  Z01  CB  08551-05  LIB 

by  the  different  routes.   In  general,  there  was  less  of  a  systemic  distribution 
when  the  drug  was  injected  i.t.,  i.m. ,  or  s.c.  and  tumor-bearing  animals  showed 
a  lower  concentration  in  the  organs  compared  with  that  of  tumor-free  animals. 
Neither  after  i.v.  nor  i.t.  injection  of  -''Co-bleomycin  in  the  mice  bearing 
5  day  old  tumors  do  the  lymph  nodes  draining  the  tumor  attain  the  levels  of 
radioactivity  detected  in  lymph  nodes  of  normal  mice  or  animals  bearing  12  day 
old  tumors. 

Additional  experiments  have  been  performed  in  tumor-bearing  mice  and  guinea  pigs 
comparing  the  effectiveness  of  aqueous  solutions  of  bleomycin  with  water-in-oil 
emulsions  of  bleomycin.   Preliminary  results  indicate  cures  can  be  obtained  with 
much  lower  concentrations  of  bleomycin  as  a  water-in-oil  emulsion. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   These 
studies  in  a  syngeneic  tumor  animal  model  system  are  designed  for  analyzing 
the  mechanism  of  intralesional  chemotherapy.   The  development  of  this  system 
should  make  it  possible  to  better  utilize  intratumoral  therapy  of  human  cancer. 

Proposed  Course  of  Project:   Further  studies  on  the  effects  of  intratumoral 
chemotherapy  into  tumors  growing  for  longer  than  7  days.   Additional  histology 
of  the  tumor  sites  at  various  times  after  injection  of  chemotherapeutic  agents 
will  be  studied.   Studies  will  be  performed  to  determine  the  effect  of  multiple 
small  injections  of  drugs  into  tumors  growing  for  longer  than  7  days.   Tech- 
niques of  humoral  and  cellular  immunity  to  the  tumor  will  be  employed  to  more 
critically  define  the  immune  status  of  the  treated  animals. 


Publications 

Bier,  J.  and  Ohanian,  S.  H. :   Bleomycin- induzierte  tumorzell-lyse  durch 
antikorper  und  komplement.   Dtsch.  Zahnaerztl  Z.  35:   102-104,  1980. 

Ohanian,  S.  H. ,  Schlager,  S.  I.  and  Goodman,  D. :   Analysis  of  the  intralesional 
adriamycin- induced  regression  of  primary  and  metastatic  growth  of  line- 10  guinea 
pig  hepatoma.   Cancer  Immunol.  Immunother. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  is  a  long-range  project  investigating  the  mechanism  of  complement 
fixation  and  action.   In  particular  the  interaction  of  antibody- antigen 


complexes  with  the  first  component  of  complement  and  the  result  of  this 
interaction  on  the  other  components  are  investigated.   The  relation  between 
antibody  action  and  complement  activation  is  also  explored.   Finally,  the 
significance  of  complement  in  the  humoral  immune  defense  mechanism  is 
studied. 
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Project  Description 

Objectives:   To  develop  new  methods  and  to  use  available  complement  (C)  fixa- 
tion tests  based  on  the  fixation  and  transfer  of  the  first  component  of  C  (CI) 
and  cytotoxic  tests  for  the  analysis  of  antigen-antibody  reactions,  in 
particular  in  the  search  for  cancer  specific  antigens. 

Methods  Employed:   The  model  for  studying  cytotoxic  reactions  mediated  by 
antibody  and  C  consists  of  sheep  erythrocytes,  hemolytic  antibody  and  guinea 
pig  C  (GPC).   Purification  procedures  for  antibodies  and  the  C  components 
include:   preparative  (large-scale)  gel  filtration,  ion  exchange  chromatography 
and  preparative  free  electrophoresis.   Other  techniques  used  include  precipitin 
and  immunoelectrophoretic  analysis,  analytical,  zonal  and  preparative  ultra- 
centrifugation  and  other  immune-  and  physico-chemical  methods.   Development 
and  application  of  quantitative  analytical  methods  which  utilize  radiolabeled 
tracer  molecules  are  being  emphasized. 

Major  Findings:   The  mechanism  of  C  fixation  and  hemolytic  action  at  cell 
surfaces  has  been  studied  by  the  use  of  passive  hemolysis.   Antigens  are  bound 
to  cell  surfaces  by  chemical  means  and  then  used  as  targets  for  the  corre- 
sponding antibody;  the  so-generated  cell-surface  antigen-antibody  complex  in 
turn  becomes  the  target  of  C  binding.   Using  such  a  passive  hemolytic  system 
it  was  discovered  that  sera  of  normal  guinea  pigs,  rats  and  humans  contain 
naturally  occurring  antibodies  to  methotrexate  (MTX)  and  to  folinic  acid. 
So  far  all  antibody  activity  was  shown  to  reside  in  the  IgM  fraction  of  the 
sera.   The  amount  of  these  antibodies  varies  from  serum  to  serum  and  vary  in 
amount  independent  of  each  other  or  of  naturally  occurring  anti-sheep  cell 
antibodies.   The  highest  amount  of  anti-MTX  antibody  content  was  estimated  to 
be  about  10  ug/ml.   None  of  the  animals  or  humans  to  our  knowledge  were  exposed 
to  either  MTX  or  to  folinic  acid.   Efforts  to  characterize  and  understand  the 
interaction  of  CI  (the  first  component  of  C)  with  immunoglobulin  continued. 

Dose-response  curves  of  the  hemolytic  activity  of  CI  (the  native  form  of  the 
first  component  of_C)  do  not  conform  to  a  one-hit  mechanism  while  those  of 
the  active  form  (CI)  do.   Native  CI  contains  two  populations  of  molecules: 
self-activable  and  non-self-activable;  the  ratio  of  the  two  populations 
depends  on  the  concentration  of  cells  used  to  measure  hemolytic  activity. 

Some  conclusions  drawn  from  experimental  results  that  point  out  the  puzzling 
differences  between  native  CI  and  CI  are  listed. 

1)  Binding  of  CI  by  immunoglobulins  is  not  necessarily  followed  by  its 
activation. 

2)  Dose-response  curve  of  CI  at  constant  cell  concentration  does  not  conform 
to  that  predicted  by  the  one-hit  theory  of  immune  hemolysis;  that  of  CI  does. 

3)  The  number  of  activable  molecules  of  CI  (CI  ->■  CI)  is  dependent  on  the 
number  of  target  cells  and  this  dependence_is  not  directly  proportional  to 
the  change  in  cell  number;  the  number  of  CI  molecules  detectable  is  inde- 
pendent of  cell  number. 
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4)  It  has  been  claimed  that  native  CI  is  bound  to  target  cells  in  a  self- 
activable  and  non-self-activable  form;  the  latter  can  be  activated  by  treatment 
with  trypsin. 

5)  Purified  CI  may  contain  at  least  two  populations  of  CI:  one  that  binds 
firmly  to  an  antibody  on  the  cell  surface;  the  other  is  highly  dissociable 
even  at  low  ionic  strength. 

It  is  now  proposed  that  these  observations  on  the  nature  of  binding  and  acti- 
vation and  on  the  physical  behavior  of  CI  can  be  explained  on  the  basis  of  the 
characteristic  structure  of  Clq,  the  subcomponent  of  CI  that  binds  to  immuno- 
globulins. 

Since  Clq  is  composed  of  six  strands  taken  two  at  a  time,  Clq  can  be  dissociated 
into  doublets;  dissociation  can  be  induced  by  shearing  forces  resulting  when  Clq 
forms  a  bridge  between  Igs  present  on  different  carrier  particles.   According 
to  this  hypothesis  the  shearing  forces  would  exceed  the  intramolecular  forces 
between  the  three  Clq  doublets. 

A  critical  number  of  Clq  binding  sites  _(possible  on  different  doublets)  must 
react  with  Igs  for  activation  of  CI  ■*■   CI  to  occur. 

This  novel  concept  of  structural  relation  to  activity  is  now  being  tested  both 
experimentally  and  by  computer  simulation.   Preliminary  results  suggest  that 
the  proposal  is  tenable  and  it  is  highly  likely  to  be  correct. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

C  fixation  is  one  of  the  most  widely  used  diagnostic  tools.   The  development 

and  successful  application  of  a  very  sensitive  C  fixation  test,  the  C1FT  test, 

opened  up  new  possibilities  in  determining  antigen-antibody  reactions  on  cell 

surfaces. 

Furthermore,  cytotoxic  reactions  due  to  antibody  and  C  are  prime  examples  of 
body  defense  mechanisms.   Fundamental  research  into  the  nature  and  mechanism 
of  C  fixation  and  action  will  contribute  greatly  to  the  development  of  diagnostic 
tools  and  to  the  understanding  of  the  mechanism  of  immune  body  defenses. 

Proposed  Course  of  Project:   This  is  a  long-range  project,  and  little  change 
is  expected  in  the  scope  of  the  work  during  the  next  few  years.   The  ultimate 
goals  of  this  project  are  the  development  of  better  diagnostic  tools  and  the 
elucidation  of  molecular  events  associated  with  the  action  of  C  and  antibodies. 
It  is  hoped  that  as  a  result  of  our  program  of  inquiry  into  the  basic  problem 
of  the  interaction  of  antibodies,  antigens  and  components  of  C,  tools  will  be 
developed  that  are  of  practical  significance  in  the  search  for  cancer  antigens. 
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haptens  by  inhibition  of  passive  immune  hemolysis.   J.  Immunol.  Methods  32: 
105-114,  1980. 

Borsos,  T.,  Loos,  M.  ,  Chapuis,  R.  M. ,  Medicus ,  R.  and  Isliker,  H. :  A  novel 
way  of  relating  the  structure  of  Clq  to  the  hemolytic  activity  of  the  first 
component  of  complement.   Mol.  Immunol. ,  in  press. 

Gee,  A.  P.,  Boyle,  M.  D.  P.  and  Langone,  J.  J.:   Effect  of  Concanavalin  A 
on  the  hemolytic  activity  of  the  components  of  the  classical  complement 
pathway.   Mol.  Immunol. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  study  the  molecular  aspects  of  the  killing 
of  nucleated  cells  by  immune  attack.   In  particular  the  interaction  of  antibody 
(class,  affinity,  etc.)  and  complement  with  one  another  and  with  the  cell 
surface. 
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Project  Description 

Obj  ectives :   A  study  of  the  molecular  aspects  of  antibody-complement  lysis 
and  antigen  topography  of  nucleated  cells. 

Methods  Employed:   Antibodies  to  normal  and  tumor  antigens  are  detected  and 
quantified  by  immune  cytolysis,  colony  inhibition,  CI  fixation  and  transfer 
(C1FT) ,  uptake  of  125I-labeled  antibody,  and  by  binding  of  125I-labeled 
protein  A.   Immunochemical  methods,  including  Sephadex  and  DEAE  chromatography, 
electrophoresis,  immunodiffusion  and  ultracentrif ugation  are  employed  to 
isolate  antibody,  protein  and  complement  (C)  components. 

125 
A  cytotoxic  assay  to  quantify  antibody-C  killing  based  on  the  release  of    I 

from  l^IUdR  prelabeled  tumor  cells  has  been  developed. 

Major  Findings:   The  malignant  guinea  pig  cells,  line-1  and  line-10,  contain 
Forssman  antigen.   Line-10  sensitized  with  anti-Forssman  antibody  is  resistant 
to  lysis  by  guinea  pig  C  (GPC)  whereas  line-1  is  not,  despite  the  fixation  of 
equivalent  quantities  of  anti-Forssman  antibody. 

An  intermediate  in  the  killing  of  line-1  tumor  cells  by  antibody  and  human  C 
(HuC)  or  GPC  has  been  isolated.   This  intermediate,  called  T*,  is  a  tumor  cell 
coated  with  antibody  and  all  the  necessary  components  of  C  required  for  killing 
to  occur.   The  formation  of  T*  is  dependent  upon  the  time  and  temperature  of 
incubation  of  antibody-coated  cells  with  fluid-phase  C.   T*  were  only  formed 
on  addition  of  the  entire  sequence  of  C  components  (1-9)  .   A  similar  T* 
intermediate  can  be  isolated  on  the  antibody-HuC  killing  of  line-10  cells. 

Studies  on  the  resistance  of  line-10  cells  to  killing  by  antibody  and  GPC  have 
revealed  that  this  resistance  could  be  overcome  by  pretreatment  with  a  variety 
of  proteolytic  enzymes  and  selected  metabolic  inhibitors.   This  Increase  in 
sensitivity  could  not  be  attributed  to  the  quantity  of  C-fixing  antibody  bound 
by  the  cells,  or  to  a  direct  effect  on  fluid-phase  C.   Anticomplementary 
material  was  removed  from  the  tumor  cells  by  proteolytic  enzyme  treatment. 
This  material  was  found  to  act  as  a  C2  decay  acceleration  factor,  but  its 
removal  did  not  account  for  the  observed  increase  in  sensitivity  of  the  cells 
to  antibody-GPC  killing. 

Two  human  lymphoblastoid  cell  lines,  Ra j i  and  PY,  in  their  lag  or  stationary 
phase  of  growth  are  relatively  more  resistant  to  killing  by  rabbit  ALS  or  human 
anti-HLA  plus  C.   The  difference  in  sensitivity  observed  for  the  cell  lines  was 
not  due  to  differences  in  antigen  expression  as  measured  by  quantitative  absorp- 
tion tests.   Cells  isolated  in  the  G±   or  S  phase  of  their  cell  cycle  were 
equally  sensitive  to  antibody-C  killing  indicating  the  variation  in  sensitivity 
of  the  cells  is  not  directly  cell-cycle  dependent. 

The  mouse  mastocytoma  cell  line  designated  P815  also  demonstrated  variation  in 
sensitivity  to  antibody-C  killing.   These  cells  which  were  relatively  more 
resistant  at  the  log  phase  of  growth  expressed  the  least  amount  of  antigen. 
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The  sensitivity  of  the  line-1 ,  line-10,  the  human  lymphoblastoid  and  mouse 
mastocytoma  cell  lines  to  killing  by  C  from  different  species  was  also 
determined.   Human,  rabbit  and  goat  C  were  generally  more  effective  in  killing 
the  guinea  pig  and  human  cells.   Rat  C  was  effective  in  killing  line-1  cells 
sensitized  with  anti-Forssman  or  antitumor  antibody  was  only  effective  in 
killing  line-10  cells  sensitized  with  antitumor  antibody  and  slightly  effective 
in  killing  human  lymphoid  cells  in  stationary  phase  of  growth.   With  the  mouse 
cell  line  P815,  guinea  pig  was  as  effective  as  human  and  goat  C;  rat  C  was  less 
effective  and  rabbit  C  the  most  effective  in  killing  the  cells  sensitized  with 
the  heterologous  rabbit  anti-P815  antibody. 

The  sensitivity  of  the  human  cell  lines  and  the  mouse  mastocytoma  P815  to 
killing  by  antibody  plus  C  can  be  increased  following  treatments  with  various 
metabolic  inhibitors.   The  effectiveness  of  the  drugs  in  rendering  the  human 
cells  sensitive  was  dependent  upon  the  growth  phase  of  the  cells  in  culture. 
Cells  in  stationary  phase  were  generally  not  rendered  susceptible  to  killing 
whereas  cells  in  lag  or  log  phase  of  growth  could  be  rendered  more  susceptible 
than  untreated  control  cells.   The  mouse  mastocytoma  cell  lines  appear  to 
show  the  opposite.   Cells  in  the  stationary  phase  generally  were  rendered 
susceptible. 

Studies  on  the  effects  of  lipids  on  C-mediated  killing  of  line-1  and  line-10 
tumor  cells  showed  that  phosphatidylglycerol,  cardiolipin,  phosphatidyl- 
ethanolamine  were  effective  in  inhibiting  the  cytotoxic  action  by  human, 
rabbit  and  goat  C.   Phosphatidylserine  and  phosphatidylglycerol  were  effective 
in  inhibiting  GPC  activity  while  phosphatidylglycerol  enhanced  rat  C  activity 
against  line-10  cells  sensitized  with  antitumor  antibody  but  not  anti-Forssman 
antibody.   The  inhibitory  effects  of  the  various  phospholipids  are  dependent 
upon  antibody  used  to  sensitize  the  cells  on  concentration  of  lipids  used  to 
treat  the  C  and  on  the  time  the  lipids  were  added  to  HuC.   The  inhibitory 
effect  of  the  lipids  appeared  to  be  at  the  stage  of  formation  of  T*.   Addition 
of  lipids  to  T*  did  not  interfere  with  its  transformation  to  dead  cells. 

Under  conditions  of  limiting  C  almost  all  lipids  tested  interfered  with  C 
activity.   Additional  studies  indicated  that  the  fatty  acyl  composition  and 
subtle  structural  configuration  of  the  lipids  influenced  C  activity.   Modifica- 
tion of  C  activity  also  occurred  upon  addition  of  free  fatty  acid  to  C. 
Enhancement  or  inhibition  or  no  effect  was  observed  and  appeared  to  be  dependent 
upon  the  fatty  acid,  fatty  acid  concentration,  specificity  of  the  antibody  and 
concentration  of  C.   Pretreatment  with  selected  fatty  acids,  but  not  more 
complex  lipids,  increased  the  sensitivity  of  the  cells  to  killing  by  C. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
elucidation  at  the  molecular  level  of  the  effects  of  antibody  and  C  on  both 
normal  and  malignant  cells  may  be  important  in  understanding  control  of  cell 
growth  by  immunologic  mechanisms . 

Control  of  tumor  cell  growth  in  vitro  makes  it  possible  to  study  the  action  of 
specific  and  nonspecific  agents  on  the  cells  at  different  stages  of  their  growth 
cycle.   The  knowledge  obtained  from  in  vitro  experiments  will  be  very  helpful 
when  applied  to  the  study  of  more  complicated  in  vivo  conditions. 
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Proposed  Course  of  Project:   The  effect  of  antibody  and  C  on  nucleated  cells 
will  be  further  analyzed.   This  will  include  studies  on  the  binding  and 
utilization  of  C  components  during  the  cytotoxic  reaction.   The  effects  of 
the  stages  in  the  growth  cycle  of  the  cell  and  the  physical  and  biochemical 
events  that  occur  during  formation  and  transformation  of  T*  will  also  be 
studied. 


Publications 

Ohanian,  S.  H.  and  Schlager,  S.  I.:   Humoral  immune  killing  of  nucleated  cells: 
Mechanisms  of  complement-mediated  attack  and  target  cell  defense.   In 
Atassi,  M.  Z.  (Ed.):   CRC  Critical  Reviews  in  Immunology.   Boca  Raton,  Fla., 
CRC  Press,  in  press. 

Ohanian,  S.  H.,  Schlager,  S.  I.,  Yamazaki,  M.  and  Ishida,  B.:   Effect  of 
specific  phospholipids  on  antibody-complement-mediated  killing  of  nucleated 
cells.   J.  Immunol.  123:   1014-1019,  1979. 
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SUMMARY  OF  WORK  (200  words  or  Less  -  underline  keywords) 

The  purpose  of  this  project  is  to  analyze  the  mechanism  of  action  of  complement 
in  the  lysis  of  various  cellular  targets.   Techniques  will  be  developed  to 
quantify,  on  a  molecular  basis,  complement  components  bound  to  the  cell  membrane. 
The  biochemical  events  leading  to  the  generation  of  complement  lesions  will  be 
studied. 
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Project  Description 

Objectives:   1)  To  determine  the  factors  governing  the  susceptibility  of 
different  targets  to  antibody-complement  killing  and  2)  to  develop  techniques 
for  the  detection  of  complement  (C)  components  bound  to  the  cell  surface. 

Methods  Employed:   Immunochemical  methods  including  DEAE  chromatography, 
electrophoresis  and  immunodiffusion  are  employed  to  isolate  antibodies, 
protein  and  C  components.   Quantitation  of  antibody  and  C  components  on 
a  molecular  basis  is  carried  out  using  radioisotopic  labeling,  quantitative 
precipitin  procedures,  C  fixation  tests,  and  other  immunochemical  tests. 

Major  Findings:   The  terminal  stages  of  antibody-C  mediated  killing  of  sheep 
erythrocytes  (E)  has  been  studied  as  a  model  for  C  killing.   These  studies 
have  revealed  that  all  nine  components  of  the  classical  C  pathway  were  required 
for  efficient  generation  of  lytic  sites.   However,  under  certain  experimental 
conditions  lysis  could  occur  in  the  absence  of  C9.   Analysis  of  the  C9  inde- 
pendent lytic  reaction  indicated  that  it  occurred  by  a  mechanism  distinct  from 
that  occurring  when  C9  was  present.   Quantification  of  the  molecular  require- 
ments for  C8-mediated  lysis  also  indicated  that  this  lytic  pathway  was  very 
inefficient.   By  contrast,  when  C9  was  present,  a  single  cell-bound  hemolyti- 
cally  active  C8  molecule  on  a  cell  was  sufficient  to  mediate  lysis.   The 
functional  size  of  the  resulting  C  lesion  was  found  to  vary  with  the  number 
of  C9  molecules  bound  to  a  single  SAC1-8.   Analysis  by  fitting  of  experimental 
data  to  a  mathematical  model  indicated  that  the  degree  of  lysis  by  C9  in 
solutes  of  differing  molecular  sizes  could  be  correlated  with  the  number  of 
C9  molecules  bound  at  a  given  SAC1-8.   This  model  has  also  enabled  other 
parameters  of  the  reaction  between  C9  and  EAC1-8  to  be  identified  and  quanti- 
fied, e.g.  the  equilibrium  constant  for  the  reaction. 

In  studying  the  biochemical  events  that  are  required  to  generate  a  C  lesion, 
a  sequence  of  events  in  which  C9  binds  to  EAC1-8  (EAC1-9  bound;  trypsin 
sensitive)  becomes  inserted  into  the  membrane  (EAC1-9  inserted;  trypsin 
resistant)  and  then  undergoes  an  activation  step  which  can  be  inhibited  by 
a  variety  of  metal  salts  (e.g.,  uranyl,  zinc,  copper)  has  been  established. 
Analysis  of  the  effect  of  temperature  on  these  various  steps  in  the  reaction 
sequence  have  indicated  that  two  mechanisms  of  generation  of  C  lesions  exist; 
the  first  is  temperature- independent  and  the  second  is  temperature-dependent 
with  a  Q10  close  to  2.   These  studies  have  been  extended  to  another  target, 
the  chicken  erythrocyte  (CE)  ,  and  some  differences  have  been  observed  depending 
on  the  species  of  the  terminal  components  used  in  the  reaction.   These  studies 
suggest  that  differences  in  the  effectiveness  of  cell-bound  C9  exist  depending 
on  the  composition  of  the  target  cell  membrane  to  which  they  are  bound.   These 
findings  indicate  that  properties  of  the  target  can  influence  the  efficiency  of 
C-mediated  killing. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
study  of  the  attack  mechanism  of  the  terminal  C  components  allows  a  molecular 
analysis  of  a  lytic  pathway  of  the  immune  system.   The  elucidation  of  the 
biochemical  events  leading  to  specific  cell  destruction  may  provide  rationale  . 
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for  modifying  the  susceptibility  of  foreign  cells  to  humoral  immune  attack 
with  beneficial  results  to  the  host. 

Proposed  Course  of  Project:   Techniques  for  purifying  C9  and  other  terminal 
C  components  will  be  further  explored  to  develop  quantitative  assays  for 
C  components  bound  to  cell  surfaces.   The  functional  activity  of  C8,  C9  and 
the  target  cell  membrane  will  be  studied  in  an  attempt  to  define  and  elucidate 
the  mechanism  of  action  of  C.   These  studies  will  include  the  study  of  the 
biochemical  action  of  C8  and  C9  and  the  analysis  of  the  role  played  by  the 
target  cell  membrane  in  the  lytic  reaction.' 


Publications 

Boyle,  M.  D.  P.  and  Borsos,  T. :   Studies  on  the  terminal  stages  of  immune 
hemolysis.   V.   Evidence  that  not  all  complement-produced  transmembrane 
channels  are  equal.   J.  Immunol.  123:   71-76,  1979. 

Boyle,  M.  D.  P.  and  Borsos,  T. :   The  terminal  stages  of  immune  hemolysis — 
a  brief  review.   Mol.  Immunol.  17:   425-432,  1980. 

Boyle,  M.  D.  P.  and  Borsos,  T. :   Tissue  damage  caused  by  the  direct  and 
indirect  action  of  complement.   In  Friedman,  H. ,  Reichard,  S.  and  Escobar,  M. 
(Eds.):   Reticuloendothelial  Society  Treatise  on  Immunopathology.   New  York, 
Plenum  Press,  in  press. 

Boyle,  M.  D.  P.,  Gee,  A.  P.  and  Borsos,  T. :   Studies  on  the  terminal  stages 
of  immune  hemolysis.   VI.   Osmotic  blockers  of  differing  Stokes'  radii  detect 
complement- induced  transmembrane  channels  of  differing  size.   J.  Immunol.  123: 
77-82,  1979. 

Boyle,  M.  D.  P.  and  Ohanian,  S.  H. :   Evidence  for  the  influence  of  the  initial 
complement  components  on  the  assembly  and  activity  of  the  membrane  attack 
complex.   J.  Immunol.  124:   2824-2827,  1980. 

DeLisi,  C. ,  Boyle,  M.  D.  P.  and  Borsos,  T.:  Analysis  of  the  colloid  osmotic 
step  of  complement  mediated  immune  hemolysis.   J.  Immunol. ,  in  press. 

DeLisi,  C. ,  Boyle,  M.  D.  P.  and  Borsos,  T. :   Mathematical  analysis  of  the 
reaction  of  EAC1-8  with  C9:   Identification  of  parameters  defining  conditions 
for  molecular  titration.   J.  Immunol. ,  in  press. 

Gee,  A.  P.,  Borsos,  T.  and  Boyle,  M.  D.  P.:   Interaction  between  components  of 
the  human  classical  complement  pathway  and  immobilized  Cibacron  Blue  F3GA. 
J.  Immunol.  Methods  30:   119-126,  1979. 

Gee,  A.  P.,  Boyle,  M.  D.  P.  and  Borsos,  T.:  Distinction  between  C8-mediated 
and  C8/C9-mediated  hemolysis  on  the  basis  of  independent  ^^Rb  and  hemoglobin 
release.   J.  Immunol.  124:   1905-1910,  1980. 
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Okada,  M. ,  Boyle,  M.  D.  P.  and  Borsos,  T. :   Evidence  for  a  temperature-dependent 
and  temperature- independent  pathway  in  the  generation  of  complement-mediated 
transmembrane  channels.   Biochem.  Biophys.  Res.  Commun.  94:   406-412,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  determine  what  ultrastructural  changes 
occur  in  tumor  cells  following  modification  with  chemo therapeutic  drugs , 
enzymes ,  hormones  or  following  humoral  immune  attack.  The  techniques  of 
scanning  electron  microscopy  and  transmission  microscopy  will  be  employed. 
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Project  Description 

Objectives:   1)  To  determine  the  ultrastructural  modifications  occurring  in 
tumor  cells  undergoing  humoral  immune  attack,  cellular  immune  attack  and 
chemical  or  physical  treatment  which  increases  their  sensitivity  to  immune 
attack;  2)  to  develop  techniques  for  the  localization  of  antibody  and  complement 
(C)  binding  sites  on  tumor  cell  surfaces. 

Methods  Employed:   Antibodies  to  antigens  of  tumor  cells  and  selected  C 
components  will  be  purified  and  labeled  for  detection  in  electron  microscopy. 
Histochemical,  immunohistochemical  and  immunoelectron  microscopy  techniques 
will  be  employed. 

Major  Findings:   Due  to  machine  malfunctions,  no  progress  has  been  made  on 
the  proposed  course  of  this  project. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   These 
studies  are  designed  for  analyzing  the  ultrastructural  changes  which  occur  in 
tumor  cells  following  treatments  which  are  effective  in  rendering  the  cells 
sensitive  to  immune  attack.   Visualization  of  physical  attributes  of  tumor 
cells  which  may  play  a  role  in  the  resistance  of  tumor  cells  to  immune  attack 
should  help  in  the  understanding  of  defense  mechanisms  to  immune  attack. 

Proposed  Course  of  Project:   Analytical  studies  of  morphological  changes 
occurring  in  tumor  cells  following  antibody-C  mediated  attack  will  be  expanded. 
Purified  antibodies  specific  for  Forssman  and  tumor  antigens  will  be  labeled 
with  marker  molecules  for  localization  of  these  antigens  on  tumor  cells. 
Characterization  at  the  SEM  and  TEM  level,  of  pathological  features  of  tumor 
growth  in  vivo  and  of  modifications  following  treatments  with  various  chemical 
or  physical  agents. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  the  development  and  application  of 
immunoassays  for  the  quantitative  determination  of  antibodies,  antigens 


and  haptens  in  physiological  fluids  or  bound  to  the  cell  surface. 
Emphasis  is  placed  on  analysis  of  tumor-associated  products  and 
chemo therapeutic  drugs. 
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Project  Description 

Objectives:   To  develop  sensitive  and  specific  immunological  assays  which  can 
be  used  to  study  the  metabolism  and  disposition  of  molecules  of  interest  in 
cancer  research  and  treatment. 

Methods  Employed:   Immunological  assays  for  fluid-phase  or  cell-bound  antibodies 
and  antigens  are  based  on  a  general  method  developed  in  this  laboratory  in  which 

■jor°  1  ?  5 

^-'I-labeled  protein  A  (I  PA)  (from  Staphylococcus  aureus)  is  used  as  a 
tracer  for  IgG  antibody  directed  against  the  target  molecule.   Radioimmunoassay 
(RIA)  and  immunoradiometric  assay,  which  utilize  radiolabeled  antigen  or  anti- 
body, respectively,  also  are  used.   Other  immunological  and  physico-chemical 
methods  including  gel  filtration,  ion  exchange  and  high  performance  liquid 
chromatography,  thin  layer  chromatography,  affinity  chromatography  (including 
immunoadsorption) ,  electrophoresis  and  ultracentrifugation  are  used  to  prepare, 
purify,  characterize,  and  quantify  immunological  and  chemical  products. 

125 
Major  Findings:   The  immunoassay  method  in  which    I-labeled  staphylococcal 

protein  A  ("5l  PA)  serves  as  a  general  tracer  has  been  extended  to  include 

goat  and  sheep  IgG  antibodies.   Goat  and  sheep  IgG  normally  do  not  react 

significantly  with  PA.   However,  once  IgG  antibody  is  bound  to  immobilized 

antigen  or  hapten,  binding  of  125j  p^  -j_s  enhanced  at  least  300-fold.   Binding 

efficiencies  of  *-2->t   PA  to  immune  complexed  goat  anti-human  IgM,  human  IgE, 

methotrexate  and  sheep  anti-IgE  were  determined  and  compared  quantitatively 

to  rabbit  IgG  with  the  corresponding  specificity.   Immunoassays  were  developed 

based  on  the  inhibition  of  125l  PA  binding  as  a  measure  of  antibody  inhibition 

by  fluid-phase  homologous  ligand.   In  terms  of  sensitivity  and  specificity, 

assays  using  goat  and  sheep  antibodies  were  comparable  to  assays  developed 

using  rabbit  IgG.   Goat  antibody  to  the  monovalent  hapten  methotrexate  behaved 

anomalously:   for  each  concentration  of  IgG  tested,  there  was  an  optimal  amount 

12  5 
of  methotrexate  beads  that  gave  maximum  binding  of   iJI  PA.   In  the  other 

immune  systems,  for  each  antibody  concentration  maximum  binding  of  tracer  was 
a  function  only  of  the  amount  of  immobilized  antigen  added.   The  results  with 
methotrexate  indicated  that  two  molecules  of  goat  IgG  must  be  bound  in  proxim- 
ity to  bind  one  molecule  of  PA.   Thus,  aggregation  appears  to  be  a  necessary 
condition  for  PA  binding.   In  contrast  to  the  results  obtained  with  solid-phase 
antigens,  solutions  containing  antibody  and  amounts  of  antigen  ranging  from 
large  antigen  excess  to  antibody  excess  failed  to  react  significantly  with  PA 
or  *25I  PA. 

The  IgE  assay  was  used  to  analyze  normal  human  sera.   The  results  correlated 
well  with  values  obtained  by  double  antibody  radioimmunoassay.   Similarly, 
sensitive  and  specific  immunoassays  for  leucovorin  (a  folate  derivative  used 
in  cancer  chemotherapy)  and  5-methyltetrahydrofolate  (a  metabolite  of 
leucovorin)  have  been  developed  and  used  to  detect  nanogram  amounts  of  these 
drugs  in  blood  of  experimental  animals. 

Based  on  the  selective  absorption  of  IgG  or  IgM  by  immobilized  PA  or  Con  A 
respectively,  a  simple  method  was  devised  for  using  whole  serum  as  a  source 
of  IgM-  or  IgG-specific  antibody.   This  absorption  procedure  was  more  rapid 
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than  ion  exchange  chromatography  on  DEAE  cellulose  or  molecular  sieving  on 
Sephadex  G-200  and  gave  a  better  yield  of  functionally  purer  antibody.   This 
method  gave  antiserum  suitable  for  the  preparation  of  either  IgM  or  IgG 
sensitized  sheep  erythrocytes  and  should  be  of  value  for  the  large-scale 
preparation  of  indicator  cells  required  for  the  study  of  C  action  and  for 
detection  of  specific  receptors  on  cell  surfaces. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Quantitative  determination  of  antibodies  and  antigens  is  basic  to  the  under- 
standing of  their  role  in  immunological  defense  against  cancer.   Similarly, 
quantitation  of  bio-active  agents,  either  endogenous  compounds  or  chemo- 
therapeutic  drugs  and  their  metabolic  products,  is  fundamental  to  our 
understanding  of  how  these  agents  work  and  may  lead  to  a  more  rational  basis 
for  their  clinical  use.   Sensitive  and  specific  analytical  methods  should  help 
achieve  these  goals. 

Proposed  Course  of  Project:   Improved  immunological  and  related  physical  and 
chemical  methods  for  the  quantitative  determination  of  tumor-associated 
products,  cancer  chemotherapeutic  agents  and  other  compounds  of  interest  in 
cancer  research  will  be  developed  and  applied. 


Publications 

Boyle,  M.  D.  P.  and  Langone,  J.  J.:   A  simple  procedure  to  use  whole  serum 
as  a  source  of  either  IgG-  or  IgM-specific  antibody.   J.  Immunol.  Methods  32: 
51-58,  1980. 

Langone,  J.  J.:   Immune  complex  formation  enhances  the  binding  of  staphylococcal 
protein  A  to  immunoglobulin  G.   Biochem.  Biophys.  Res.  Commun.  94:   473-479,  1980. 
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Langone,  J.  J.:     I-labeled  protein  A  as  a  general  tracer  in  immunoassay: 

Suitability  of  goat  and  sheep  antibodies.   J.  Immunol.  Methods  34:   93-106, 
1980. 

125 
Langone,  J.  J.:     I  protein  A:   Reactivity  with  IgG  and  use  as  a  tracer  in 
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Enzymology ,  Vol.  70A.   New  York,  Academic  Press,  Inc.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  work  is  to  study  the  cells  that  participate  in  the 
effector  arm  of  the  immune  response.   The  current  emphasis  is  on  chemotaxis, 
which  is  a  mechanism  by  which  cells  can  be  attracted  to  inflammatory 
sites,  delayed  hypersensitivity  reactions  and  growing  tumors.   The  project 
includes  chemistry  of  lymphocyte  derived  chemotactic  factors,  identification 
of  substances  that  modulate  chemotactic  and  phagocytic  responses,  definition 
and  separation  of  functional  subpopulations  of  leukocytes,  alterations  of 
leukocyte  chemotaxis  in  cancer  patients. 
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Project  Description 

Objectives:  To  develop  quantitative  measures  of  reactions  occuring 
in  the  effector  limb  of  the  immune  response;   to  study  chemotaxis  and 
phagocytosis  of  inflammatory  cells  in  relation  to  this  objective. 

Methods  Employed:   Complement-derived  and  lymphocyte-derived  chemotactic 
factors  were  generated.   Human  peripheral  blood  leukocytes  were  separated 
on  Ficoll-Hypaque  gradients  to  obtain  monocyte-  and  basophil-rich  fractions. 
Dextran  sedimentation  was  used  to  obtain  peripheral  blood  neutrophils. 
Peritoneal  macrophages  were  harvested  from  normal  and  BCG-infected  mice. 
Protein  fractionation  methods  were  employed  to  characterize  chemotactic 
factors  and  serum  factors  that  modulate  mouse  macrophage  chemotactic  responses. 

Major  Findings:   Work  in  this  area  during  the  past  year  resulted  in  a  number 
of  important  methodological  advances.   The  first,  in  preparation  for  clinical 
studies  of  chemotaxis  abnormalities  in  cancer  patients,  was  the  development 
of  a  multiwell  chemotaxis  chamber,  which  has  several  advantages.   The  number 
of  cells  and  the  amount  of  chemotaxin  required  are  about  1/10  that  of  the 
standard  blind  well  chambers.  Forty  eight  assay  wells  are  now  contained 
in  a  single  piece  of  equipment,  which  utilizes  a  single  25  x  80  mm  sheet 
of  Nucleopore  filter,  suitable  for  subsequent  staining  and  mounting  on  a 
standard  microscope  slide.  The  problem  of  counting  migrated  cells  with 
an  image  analyzer,  which  until  now  has  been  impossible  because  of  inability 
to  distinguish  cells  from  holes  in  the  Nucleopore  filter,  has  now  been  solved. 
The  requirements  are  an  advanced  design  image  analyzer  and  control  of  several 
critical  conditions  —  including  characteristics  of  the  television  camera, 
and  precise  regulation  of  wavelength  and  intensity  of  incident  light.  The 
result  is  that  monocyte  chemotaxis  responses  can  be  determined  with  as  little 
as  5  ml  of  blood;  and  quantification  of  the  result  from  a  48-well  assay 
with  different  chemoattractants  can  be  made  in  10  minutes. 

It  was  shown  last  year  that  human  monocytes  have  distinct  receptors  for 
3  different  chemotaxins:  formyl-peptides,  C5a,  and  lymphocyte-derived  chemo- 
taxins.   Purification  of  human  lymphocyte-derived  material  has  been  a  problem, 
partly  because  of  large  losses  during  the  initial  concentration  step.  This 
has  now  been  solved  by  precipitation  of  crude  culture  fluids  with  4M  ammonium 
sulfate,  followed  by  chromatography  on  Sephacryl.  The  eluted  material  appears 
to  be  stable,  and  should  be  suitable  for  clinical  studies.  A  purified 
complement-derived  chemotaxin  for  mouse  macrophage  chemotaxis  has  also  been 
prepared  this  year.  Mouse  serum  obtained  without  special  precautions  has 
high  chemotactic  activity  even  without  addition  of  reagents  to  activate 
complement.  This  was  prevented  by  collection  of  blood  from  the  tails  of 
individual  mice  into  precooled  polypropylene  centrifuge  tubes,  centrifugation, 
and  clotting  of  supernatant  plasma  in  the  absence  of  blood  cells.  Chromatogra- 
phy of  this  serum  after  activation  by  endotoxin  yielded  a  single  peak  of 
potent  chemotactic  activity,  with  a  MW  of  approximately  20,000. 

In  attempts  to  quantify  neutrophil  chemotaxis,  taking  advantage  of  the  multi- 
well  chamber  and  image  analyzer,  it  was  found  that  a  variable  percentage 
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of  migrated  neutrophils  fell  off  the  lower  membrane  surface,  which  made 
quantification  impossible.  The  commercially  available  Nucleopore  filter 
membranes  are  coated  with  polyvinylpyrrolidone  (PVP)  to  enhance  wettability. 
When  PVP-free  membranes  were  tested,  chemotaxis  of  neutrophils  was  excellent 
and  no  loss  of  cells  from  the  bottom  surface  occurred.  The  capacity  to 
obtain  quantitative,  reproducible  neutrophil  chemotaxis  data  opens  up  a 
whole  range  of  experimental  possibilities.   The  first  interesting  experimental 
finding  with  the  new  system  is  that  there  are  migrating  subpopulations  of 
human  neutrophils.  Of  the  total  neutrophil  population,  40-5055  migrate  toward 
C5a;  20-30$  respond  to  optimal  concentrations  of  2  different  chemotactic 
peptides  tested. 

Desensitization  of  human  monocytes  by  specific  chemotaxins  was  shown  last 
year.   That  is,  exposure  of  cells  to  one  chemotaxin  renders  the  cells  non- 
responsive  to  that  chemotaxin,  whereas  responses  to  other  chemotaxins  remain 
unaltered.   In  view  of  the  selective  impairment  to  different  chemotaxins 
that  we  reported  previously,  an  understanding  of  desensitization  is  important. 
Among  the  new  findings  this  year,  desensitization  occurs  when  cells  are 
mixed  with  optimal  chemotactic  concentrations  (or  higher)  of  the  agent, 
is  complete  within  20  minutes,  is  not  associated  with  any  impairment  of 
response  to  another  chemoattractant  even  after  3  hours  of  incubation  with 
the  desensitizing  agent.   Desensitization  does  not  occur  at  0  C,  and  thus 
is  probably  not  due  simply  to  binding  of  ligand  to  receptor.  Of  interest 
in  relation  to  the  clinical  study  is  that  after  removal  of  the  desensitizing 
agent  there  is  a  progressive  recovery,  which  is  complete  within  approximately 
6  hours . 

Further  studies  were  made  on  macrophage  stimulating  protein  (MSP),  an  appar- 
ently hitherto  unrecognized  mammalian  serum  protein  that  renders  mouse  peri- 
toneal macrophages  responsive  to  chemoattractants .   Purified  MSP  has  an 
isoelectric  point  of  7.0,  an  unusually  high  value  for  most  serum  proteins. 
Analysis  of  the  isoelectric  behavior  of  MSP  in  serum  before  purification 
shows  that  the  isoelectric  point  is  considerably  more  acid  than  pH  7,  the 
value  for  MSP  from  3  different  human  sera  being  approximately  5.8.   It  appears 
that  acidic  groups  are  associated  with  MSP;  they  can  be  lost  under  mild 
purification  conditions  such  as  DEAE-cellulose  chromatography,  without  alteration 
in  the  biological  activity  of  the  protein.  These  findings  are  leading  to 
the  development  of  an  improved  method  for  purification  of  MSP.   The  loss 
of  acidic  groups  from  MSP  can  occur  during  electrofocusing,  depending  on 
such  conditions  as  the  amount  of  protein  applied,  mode  of  application,  magni- 
tude of  current  and  duration  of  the  run.  This  is  not  unique  to  MSP,  and 
was  demonstrated  for  purified  serum  albumin,  in  which  loss  of  fatty  acids 
during  electrofocusing  results  in  a  pi  shift  from  4.5  to  approximately  5.5. 
The  phenomenon  should  be  more  generally  appreciated,  considering  the  widespread 
use  of  electrofocusing  in  the  characterization  of  proteins. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  finding  that  different  serum  proteins  affect  different  subpopulations 
of  macrophages  suggests  that  there  may  be  regulatory  serum  factors  that 
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modulate  macrophage  motility  and  other  functions.  Analysis  of  the  cheraotaxis 
abnormality  in  patients  with  cancer  may  throw  light  on  an  early  indication 
of  the  interaction  between  tumor  and  host. 

Proposed  Course  of  Project:  Further  characterization  of  MSP  and  the  serum 
factors  affecting  function  of  macrophages.   Characterization  of  monocyte 
and  neutrophil  subpopulations.   Analysis  of  the  cheraotaxis  abnormality  in 
patients  with  cancer. 
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Leonard,  E.  J.  and  Skeel,  A.  H. :   Enhancement  of  spreading,  phagocytosis 
and  chemotaxis  by  macrophage  stimulating  protein  (MSP).   In  Escobar,  M. 
and  Friedman,  H.  (Eds.):   Macrophages  and  lymphocytes:   Nature,  functions 
and  Interaction.   New  York,  Plenum  Pub.  Corp.,  1980,  Part  B,  pp  181-194. 

Falk,  W.,  Goodwin,  R.  H.,  Jr.  and  Leonard,  E.  J.:  A  48-well  micro  chemo- 
taxis assembly  for  rapid  and  accurate  measurement  of  leukocyte  migration. 
J.  Immunol.  Meth.   33:   239-247,  1980. 

Harvath,  L.,  Falk,  W.  and  Leonard,  E.  J.:   Rapid  quantitation  of  neutrophil 
chemotaxis:   Use  of  a  polyvinylpyrrolidone-free  polycarbonate  membrane 
in  a  multiwell  assembly.   J.  Immunol.  Meth.   In  press. 

Falk,   W.  and  Leonard,   E.  J.   Human  monocyte  chemotaxis:   migrating  cells 
are  a  subpopulation  with  multiple  chemotaxin  specificities  on  each  cell. 
Infect.  Immun.   In  press. 
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Project  Description 

Objectives:  To  determine  what  immunological  mechanisms  occur  in  tumor  cell 
killing  in  order  to  provide  a  rational  basis  for  elimination  of  tumor  cells 
by  immunological  means. 

Methods  Employed:  Chemically-induced  murine  tumors,  maintained  in  tissue 
culture  or  by  passage  in  syngeneic  hosts  were  used.  Effector  immune  responses 
were  measured  by  cytotoxicity  assays  based  on  the  release  of  radioactive 
label  from  damaged  target  cells.   Protein  isolation  techniques  were  used 
for  purification  of  macrophage  activation  factors  and  for  tumor  necrosis 
factors. 

Major  Findings:  Animals  infected  with  certain  intracellular  parasites  such 
as  Mycobacterium  bovis,  strain  BCG,  develop  macrophages  with  nonspecific 
microbicidal  and/or  tumoricidal  activities  localized  to  the  site  of  infection. 
These  activated  macrophages  also  occur  at  sites  of  tumor  rejection  and  during 
antigen-induced  immune  reactions.  Development  of  activated  macrophages 
during  each  of  these  responses  requires  the  simultaneous  presence  of  effective 
activation  signals  and  receptive  mononuclear  phagocytes.  Macrophage  activation 
for  tumor  cytotoxicity,  however,  is  not  the  result  of  a  single  interaction 
between  signal  and  cell  but  rather  requires  completion  of  a  series  of  reactions, 
each  with  its  own  activation  stimulus  and  responsive  cell. 

Analysis  of  the  macrophage  activation  sequence  was  facilitated  by  discovery 
of  mouse  strains  with  genetic  defects  in  development  of  cytotoxic  activity. 
Macrophages  from  C3H/HeJ,  A/J  and  P/J  mice  fail  to  develop  tumoricidal  activity 
after  any  of  several  in  vivo  or  in  vitro  treatments  over  a  wide  range  of 
experimental  conditions.  The  genetic  basis  for  macrophage  tumoricidal 
defects  in  each  of  these  strains  was  different.  Cytotoxic  defects  of  macro- 
phages from  C3H/HeJ  or  A/J  mice  were  secondary  to  alterations  in  macrophage 
responsiveness  to  activation  signals;   activation  stimuli  produced  by  these 
strains  were  entirely  normal.  In  contrast,  the  macrophage  cytotoxic  defect 
of  P/J  mice  was  due,  at  least  in  part,  to  abnormalities  in  activation  stimuli 
themselves.   P/J  lymphokines  were  deficient  in  one  or  more  signals  necessary 
for  macrophage  activation.  At  the  present  time,  separation  of  different 
activation  signals  in  lymphokine  supernatants  from  each  other  by  physicochemical 
characteristics  has  not  been  possible.  Future  studies  with  P/J  lymphokines 
as  starting  material  may  achieve  this  goal. 

Analysis  of  macrophage  synthesis  of  prostaglandin  E2  or  of  development  of 
nonspecific  microbicidal  activity  against  obligate  intracellular  parasites 
showed  that  both  of  these  cell  responses  were  regulated  by  series  of  reactions. 
In  fact,  macrophage  tumoricidal  activity  and  prostaglandin  synthesis  appear 
to  be  regulated  by  similar  mechanisms.  Lymphokine  activities  for  both  responses 
had  common  physicochemical  characteristics.  Despite  this  common  mode  of 
regulation  for  cell  function,  tumor  cytotoxic  capacity  could  be  distinguished 
from  prostaglandin  synthesis.  Macrophage  tumor  cytotoxicity  was  not  affected 
by  indomethacin  or  aspirin  treatment,  although  these  agents  completely  inhibi- 
ted prostaglandin  synthesis.  Nonspecific  microbicidal  and  tumoricidal 
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activities  of  macrophages  could  also  be  dissociated  by  the  characteristics 
of  the  lymphokine  fractions  capable  of  activating  the  macrophages.  Whereas 
lyrnphokine  activity  for  induction  of  macrophage  tumor  cytotoxicity  elutes 
from  Sephadex  G-100  as  a  single  peak  in  the  50,000  MW  region,  lymphokine 
activities  for  macrophage  microbicidal  effects  elute  in  3  different  regions: 
140,000,  50,000  and  less  than  10,000  daltons. 

Recent  studies  on  endotoxin  (LPS)  induced  tumor  necrosis  have  provided  a 
possible  candidate  for  the  cytotoxic  effector  molecule  released  by  activated 
macrophages.   Transplantable  intradermal  tumors  in  mice  can  be  completely 
cured  by  a  single  but  often  lethal  injection  of  LPS  at  a  distant  site. 
LPS  injection  was  followed  within  hours  by  acute  massive  hemorrhagic  necrosis 
at  the  tumor  site.   The  tumor  necrotic  action  of  LPS,  however,  was  not  a 
direct  toxic  effect  of  LPS  on  tumor  cells  but  rather  was  mediated  by  a  factor 
present  in  sera  of  treated  animals.   A  similar  factor  could  be  isolated 
from  LPS-treated  BCG-infected  mice  which  induced  hemorrhagic  tumor  necrosis 
in  vivo  and  was  cytotoxic  to  tumor  cells  (but  not  normal  embryo  cells)  in 
vitro.   The  cellular  source  of  this  tumor  necrosis  factor  is  the  macrophage. 
Macrophages  from  BCG-infected  mice  treated  in  vitro  with  LPS  release  a  cyto- 
toxin  which  is  physicochemically  and  immunologically  identical  to  tumor 
necrosis  factor  isolated  from  sera  of  treated  animals.   Tumor  necrosis 
factor  was  also  detected  in  supernatants  of  lymphokine-treated  macrophages 
subsequently  exposed  to  ng/ml  concentrations  of  LPS;   supernatants  of  macro- 
phages treated  with  either  stimulus  alone  were  inactive.   Antisera  directed 
against  the  cytotoxic  serum  factor  inhibited  cytotoxic  effects  of  the  soluble 
macrophage-derived  activity  and  the  cell-to-cell  tumoricidal  activity  of 
macrophages  activated  in  vivo  during  BCG  infection. 

Other  cytotoxins  secreted  by  leukocytes  may  contribute  to  host  destruction 
of  tumor  cells.   Such  cytotoxins  can  be  detected  in  culture  fluids  of  mitogen- 
stimulated  mouse  spleen  cells.  However,  it  is  not  known  whether  the  cytotoxins 
are  produced  by  lymphocytes.  The  possibility  that  other  cells  might  produce 
toxic  products  is  raised  by  the  physicochemical  heterogeneity  of  the  culture 
fluid  toxins  and  by  the  fact  that  macrophage-like  cell  lines  produce  cytotoxins. 
In  studies  on  the  production  of  cytotoxins  by  PHA-stimulated  mouse  spleen 
cells,  it  was  shown  that  at  least  2  cell  types  were  required  —  one  adherent 
to  tissue  culture  plastic,  the  other  not.   Treatment  of  the  unfractionated 
spleen  cell  population  with  monoclonal  anti-theta  antibody  and  guinea  pig 
complement  reduced  lymphotoxin  production  by  more  than  90$.   Restoration 
of  production  was  achieved  by  addition  of  the  nonadherent  fraction,  but 
not  by  the  adherent  fraction.  Thus  it  appears  that  a  T-cell  is  required 
for  production  of  cytotoxin  by  mouse  spleen  cells,  but  the  producing  cell 
has  not  yet  been  positively  identified. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Analy- 
sis of  the  effector  immune  events  leading  to  tumor  rejection  may  provide 
a  rational  basis  for  manipulation  of  host  responses  or  tumor  cell  in  an 
effort  to  eliminate  or  prevent  progression  of  the  tumor. 
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Proposed  Course  of  Project:   Studies  on  the  mechanisms  of  the  killing  of  tumor 
cells  by  macrophages. 
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October  1,  1979  -  September  30,  1980 

Selected  highlights  of  the  research  efforts  of  LCB  are  presented 
without  specific  reference  to  individual  investigators. 

Immunoglobulin  Structure,  Genetics  and  Diversity 

Previous  studies  from  this  laboratory,  as  well  as  a  number  of  others, 
using  protein  sequence  analysis  have  suggested  the  existence  of  a  large 
number  of  germ  line  genes  coding  for  antibody  light  and  heavy  chains.   Recent 
nucleic  acid  studies  have  confirmed  and  extended  these  observations.  It 
now  appears  as  though  at  least  500  germ  line  genes  exist  for  mouse  chains 
and  probably  a  similar  number  for  heavy  chains.   One  of  the  intriguing 
questions  remaining  to  be  answered  concerns  how  these  variable  region  genes 
are  arranged  and  expressed. 

One  of  the  groups  of  antigen  binding  myeloma  proteins  currently 
being  analyzed  consists  of  proteins  with  binding  specificity  for  g(l,6) 
galactan  containing  antigens.   We  have  completed  light  chain  variable  region 
amino  acid  sequences  for  6  kappa  chains  from  this  group.  The  results 
support  our  previous  suggestion  that  the  kappa  chain  variable  region  is 
coded  for  by  two  distinct  gene  segments.   Nucleic  acid  studies  from  other 
laboratories  have  defined  the  boundaries  of  these  gene  segments.   The 
variable  region  gene  (V)  codes  for  amino  acids  1-95  and  the  joining  region 
gene  (J)  codes  for  amino  acids  96-108.   Position  96,  which  is  coded  for 
by  the  J  gene,  is  the  last  residue  in  the  third  complementarity  determining 
region  and  could  thus  potentially  introduce  structural  variation  in  the 
antibody  combining  site.   Four  different  J  genes  have  been  identified  each 
of  which  presumably  can  recombine  with  any  given  V  gene.   In  addition, 
alterations  in  the  frame  of  recombination  between  V  and  J  could  produce 
additional  amino  acids  at  position  96  further  contributing  to  binding  site 
structural  diversity.   An  analysis  of  position  96  and  the  J  segment  in  the 
anti-galactan  light  chains  revealed  the  following:  1)  among  the  6  light 
chain  sequences  all  four  of  the  expressed  J  sequences  are  found;  2)  five 
of  the  proteins  have  an  lie  at  position  96  and  the  sixth,  Trp.   3)  The 
binding  constants  for  all  six  proteins  are  virtually  identical  for  g(l,6) 
galactan  haptens.   The  identification  of  lie  at  position  96  in  five  of 
these  proteins  is  of  particular  interest  in  that  this  amino  acid  is  not 
coded  for  by  any  of  the  germ  line  J  sequences  nor  can  it  be  generated  by  any 
of  the  recombination  schemes  previously  observed.   We  have  therefore  proposed 
a  novel  recombination  mechanism  to  account  for  this  amino  acid  sequence 
which  we  plan  to  test  in  the  future  by  appropriate  nucleic  acid  studies. 
The  interchange  of  Trp  for  lie  in  one  of  the  light  chains  permits  an 
assessment  of  the  role  of  position  96  in  combining  site  diversity.   Since 
the  association  constants  of  all  of  the  3(1,6)  galactan  binding  myeloma 
proteins  show  only  minimal  variation  we  have  concluded  that  for  this  binding 
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specificity  the  substitution  of  the  bulky,  aromatic  Trp  side  chain  for  lie 
is  easily  accommodated  and  that  this  position  is  therefore  not  involved  in 
this  system,  in  the  generation  of  binding  site  diversity.  By  similar  analysis 
of  other  groups  of  antigen  binding  myeloma  proteirs,  such  as  those  with 
specificity  for  phosphorylcholine,  we  are  continuing  to  examine  the  role  of 
position  96  in  antigen  binding. 

We  have  previously  described  a  group  of  BALB/c  phosphorylcholine 
binding  myeloma  proteins  one  of  which  (T15)  is  coded  for  by  germ  line  genes. 
Furthermore,  an  analysis  of  the  amino-terminal  sequences  of  anti-phosphoryl- 
choline  antibodies  in  strains  A/J,  C57B1/6J  and  CBA/J  demonstrated  that  these 
antibodies  were  remarkably  similar  to  the  BALB/c  myeloma  proteins.   Two 
polymorphic  forms  of  the  anti-phosphorylcholine  heavy  chains  were  identified 
which  suggested  the  existence  of  potentially  allelic  forms  of  this  variable 
region.   To  further  examine  the  possible  heavy  chain  allelism  we  have 
determined  the  variable  region  sequence  of  a  phosphorylcholine  binding 
myeloma  protein  of  C57BL  origin  (C3) .   C3  differs  from  T15  at  five 
positions  over  the  entire  variable  region  all  of  which  are  located  in  the 
framework  portion.   All  complementarity  determining  regions  are  identical. 
Two  of  the  positions  at  which  C3  and  T15  differ  (14  and  16)  also  differentiate 
T15  and  the  BALB/c  myeloma  proteins  from  C57BL  anti  phosphorylcholine  anti- 
bodies.  C3  is  identical  to  the  C57BL  antibodies  at  these  positions.   Since 
the  characteristic  sequences  at  positions  14  and  16  are  found  in  all  C57BL 
antibodies  this  sequence  must  be  encoded  in  the  C57BL  germ  line  as  opposed 
to  the  two  alternatives  encoded  in  the  BALB/c  germ  line.   Based  on  the  96% 
homology  between  C3  and  T15  and  the  nature  of  the  substitutions  described 
above  we  have  suggested  that  these  structures  represent  allelic  forms  of  the 
same  germ  line  gene.   This  is  the  first  description  of  allelic  forms  of  an 
entire  immunoglobulin  variable  region.   We  are  currently  studying  anti- 
phosphorylcholine  hybridomas  from  C57BL  mice  as  well  as  other  strains  to 
further  elucidate  the  evolution  and  allelic  nature  of  these  gene  products. 

Antisera  have  been  prepared  which  react  specifically  with  either  C3  or 
T15.   When  these  reagents  are  tested  against  anti-phosphorylcholine  antibodies 
induced  in  BALB/c  x  C57BL  F  animals  and  F„  backcross  progeny  the  C3  and 
T15  markers  segregate  in  a  simple  Mendelian  fashion  as  would  be  expected  of 
alleles.   The  allelic  nature  of  these  markers  is  further  evidenced  by  their 
appearance  in  various  other  inbred  strains  as  well  as  recombinant  inbred  lines. 

Structure  of  galactan  binding  myeloma  proteins  (GALBMF) .   Complete 
V-regicn  structures  of  four  galactan  binding  myeloma  proteins  have  now 
been  determined.   Some  progress  has  been  made  in  solving  the  structure  of 
one  of  these  J539.   Hypothetical  model  building  offers  new  approaches  to 
determining  3  dimensional  structures.   Models  are  made  by  modifying  segments 
of  V-regions  utilizing  when  possible  known  secondary  structures.   A  new 
approach  is  being  attempted  in  studies  using  a  computerized  program,  in 
which  3  dimensional  space  filling  models  can  be  graphically  depicted  from 
a-carbon  coordinates.   To  derive  a  new  Ig-V  structure  from  a  determined 
structure  requires  an  analysis  of  the  amino  acid  side  chain  contacts,  in 
the  substituted  molecule.   A  computer  program  has  been  worked  out  for  this 
process  and  has  analyzed  J539.   A  minimal  number  of  contacts  with  all  substi- 
tutions in  place  has  been  found.   The  first  J539  model  has  been  completed. 
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Two  forms  of  the  hapten  Bl, 6-galactotriose  (Gal3)  has  been  constructed 
from  existing  crystallographic  data  and  we  have  attempted  to  fit  this 
hapten  in  the  J539  binding  site  region.   The  frontal  surface  of  J539  has 
a  large  cleft  like  depression  that  runs  horizontally  and  is  bordered  on  one 
side  by  Wu-Kabat  complementarity  determining  region  (CDR)  #2  of  the  heavy 
chain  (H-2)  and  the  first  and  third  CD'R's  of  the  L-chain  (LI  and  L3)  .   We 
also  considered  a  third  region  in  CDR-3  of  V   (H-3) .   The  sequence  of 
SAPC-10  another  GALBMP  has  been  completed  ana  this  protein  in  contrast  to 
all  the  others  lacks  available  H-bond  accepting  amino  acids  in  H-3. 

H2  and  L3  and  LI  contain  clusters  of  hydrogen  bond  accepting  amino 
acids.   Further,  these  two  centers  flank  two  tryptophanes,  one  from  V  and 
one  from  V  .   When  J539  (and  other  galactan  binding  myeloma  proteins) Tiind 
their  haptens  the  fluorescence  of  the  J539  changes  in  the  wavelength  of 
tryptophan  implying  that  binding  site  is  close  to  tryptophanes.   Since 
these  are  the  only  two  available  tryptophans  this  general  region  is  probably 
the  location  of  the  galactan  binding  site.   Using  the  computer  display 
system,  in  which  a  part  of  J539  frontal  surface  and  Gal3  are  projected  it 
is  possible  to  explore  a  large  number  of  binding  positions.   This  is  done  by 
moving  Gal3  while  J539  is  stationary.   We  sought  positions  in  which  the 
oxygens  of  the  terminal  sugar  and  the  reducing  sugar  were  approximately  4A 
away  from  one  or  more  H-bond  accepting  amino  acid  side  chains  of  J539 .   We 
have  identified  with  one  conformation  of  Gal3  a  position  with  these 
characteristics . 

Mouse  IgA  47A  is  an  immunoglobulin  variant  whose  heavy  (a  )  chain 
has  a  molecular  weight  of  40,000  vs.  53,000  for  normal  a  chains.   The 
amino  acid  sequence  of  the  47A  a  chain  showed  that  the  entire  C  3  domain 
was  missing.   Two  subsequent  projects  have  defined  the  deletion  further. 
The  mRNA  coding  for  the  47A  a   chain  was  isolated  and  characterized.  The 
size  of  the  cell-free  synthesized  product  was  the  same  as  that  of  the 
secreted  heavy  chain.   The  size  of  the  mRNA,  however,  was  the  same  as  that 
of  the  mRNA  coding  for  a  normal  a  heavy  chain.   These  data  showed  that  the 
deletion  in  the  47A  a  chain  is  not  due  to  a  post-translational  modification 
or  to  a  large  deletion  at  the  mRNA  level.   The  complete  amino  acid  sequence 
of  a  normal  mouse  a  chain  (M0PC511)  was  also  determined  and  compared  to 
that  of  the  47A  a  chain.   The  sequence,  serine-glutamine,  at  the  C00H- 
terminus  of  the  47A  a  chain  was  found  to  be  valine- threonine  in  the  511 
a  chain.   These  changes  in  the  47A  chain  and  the  deletion  of  C  3  domain 
can  be  explained  by  a  single  genetic  event,  namely,  a  frameshirt  mutation 
followed  by  premature  chain  termination.   The  remainder  of  the  47A 
constant  region,  including  the  hinge  region,  is  identical  to  the  511  chain, 
except  for  two  amino  acid  changes  in  the  CI  domain.   These  amino  acid 
changes  may  identify  subclasses  of  mouse  IgA  which  arose  recently  or  could 
be  due  to  somatic  mutations  which  arose  during  the  generation  or  propagation 
of  the  tumors.   Further  studies  on  other  mouse  IgA  variants  will  define 
such  amino  acid  substitutions. 
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The  amino  acid  sequence  of  the  kappa  chain  variable  region  from  M0PC511 
has  been  determined.   This  light  chain  is  a  member  of  a  group  of  seven  murine 
phosphorylcholine  binding  proteins  of  ivbich  only  one  other  protein  (MOPC167) 
appears  to  belong  to  the  same  group.   Comparison  of  the  variable  region 
amino  acid  sequence  of  these  two  proteins  revealed  ten  amino  acid  inter- 
changes all  occurring  in  framework  regions.   All  substitutions  can  be 
accounted  for  by  single  nucleotide  changes.   The  best  interpretation  of 
these  data  is  that  167  and  511  light  chain  are  coded  by  separate  germ  line 
genes  and  that  the  mouse  kappa  system  may  consist  of  a  large  number  of 
germ  line  genes.   The  complete  amino  acid  sequence  of  the  kappa  chain 
variable  region  from  MCPC149  has  also  been  determined.   This  sequence  has 
been  compared  with  the  amino  acid  sequence  derived  from  the  nucleotide 
sequence  of  two  EcoRI  fragments  (K2  and  K3)  of  mouse  DNA.  This  comparison 
revealed  the  presence  of  13  to  18  amino  acid  differences,  which  were 
clustered  both  in  complementarity  determining  regions  and  framework 
regions.   When  the  probe  derived  from  149  light  chain  mRNA  was  hybridized 
with  mouse  genome  DNA,  6  to  8  different  bands  were  found.  These  results 
raise  the  possibility  that  a  set  of  genes  (6  to  8) ,  some  of  which  are  not 
expressed,  might  exist  in  the  mouse  genome  corresponding  to  each  of  many 
groups  identified  among  kappa  light  chains.   Since  there  are  about  55  groups 
as  defined  by  N-terminal  analysis  of  the  first  23  residues,  then  approximately 
330  germ  line  genes  (6  x  55)  encode  the  V   family.   Since  the  variable  region 
groups  represent  a  minimal  number,  the  genomic  DNA  of  the  mouse  probably 
has  a  somewhat  larger  number  of  variable  region  genes. 

Histocompatibility  antigens 

A  detergent-solubilized  form  of  H-2  has  been  purified  from  RBL-5 
tumor  cells.   The  purification  was  carried  out  by  deoxycholate  solubilization 
of  purified  plasma  membranes,  gel  filtration,  lens  culinaris  lectin  affinity 
chromatography  and  immunoadsorbent  on  a  sheep  anti-H-2   column.   The 
product  was  judged  to  be  greater  than  90%  pure  by  several  criteria  including 
amino  terminal  analysis  which  gave  a  unique  sequence  characteristic  of  the 
mouse  histocompatibility  heavy  chain.   Comparison  of  the  amino  acid  composi- 
tion of  this  purified  H-2  with  the  composition  of  HLA  which  was  purified  also 
by  detergent  shewed  a  high  degree  of  similarity.   The  size  of  the  hydrophobic 
C00H- terminal  fragment,  obtained  by  difference  from  the  amino  acid  , 
compositions  of  the  detergent-solubilized  and  papain-solubilized  H-2  was 
about  6000.   This  value  is  lower  than  that  calculated  for  HLA  (10,000). 
These  data  suggest  that  the  papain  cleavage  site  on  H-2  purified  from 
liver  is  different  from  the  cleavage  site  on  H1A  from  lymphoblastoid  cells. 
The  purification  of  the  papain  fragment  of  H-2  from  liver  or  spleen  has 
been  reported.   An  interesting  finding  which  has  been  observed  for  different 
haplotypes  (H-2  ,  H-2  ,  H-2  )  is  that  the  purified  protein  is  invariably 
devoid  of  the  H-2D  product.   This  suggests  that  papain  sensitivity  may  be 
a  property  of  the  H-2D  molecules  and  may  reflect  basic  differences  in  the 
structure  of  the  two  molecules.   Isolation  and  purification  of  the  H-2K 
molecule  showed  invariably  the  presence  of  two  forms  which  were  separable 
by  gel  filtration  on  Sephacryl  S200.   The  purified  heavy  chains  have 
identical  molecular  weights  but  differ  in  amino  acid  composition  primarily 
in  cysteine  content.   Further  analysis  by  peptide  mapping  should  locate 
the  areas  of  the  molecules  which  differ  and  give  a  better  understanding  of 
the  significance  of  the  two  forms. 
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The  mRNA  coding  for  the  mouse  histocompatibility  antigens  has  been 
identified  by  cell  free  translation  followed  by  immunoprecipitation  using 
an  antiserum  directed  against  purified  H-2.   The  cell  free  translation  pro- 
ducts which  have  a  molecular  weight  of  45,000  and  44,500  represent  the 
unglycosylated  forms  of  the  H-2  antigens.   They  are  related  to  the  H-2 
antigens  by  a  competition  experiment  with  purified  H-2  and  by  tryptic  peptide 
mapping.   The  amount  of  mRNA  present  in  the  liver,  however,  is  very  small 
compared  to  the  many  thousands  of  more  plentiful  mRNA  molecules  all  engaged 
in  making  proteins.   To  characterize  and  purify  the  mRNAs  that  encode  these 
H-2  antigens  will  be  a  formidable  task.   We  have  taken  a  different  approach. 
We  have  collected  relatively  large  amounts  of  a  crude  mixture  of  liver  mRNA 
which  was  shown  to  contain  this  mRNA  for  the  H-2  antigens.   Then  by  using 
reverse  transcription,  the  corresponding  DNA  was  made  for  all  the  mRNA 
molecules  including  at  least  some  H-2  mRNA.   All  the  DNAs  were  inserted  into 
a  plasmid  which  in  turn  serves  as  the  vehicle  for  introducing  the  DNA  into 
the  bacterium.   Then  it  became  a  question  of  isolating  the  right  bacterium, 
the  one  producing  H-2  antigens.   The  approach  taken  is  to  hybridize  liver 
poly(A+)  mRNA  which  contains  H-2  activity  to  DNA  extracted  from  individual 
colonies  that  had  been  immobilized  to  nitrocellulose  filters.   The  hybridiza- 
tion-selected mRNA  is  then  eluted  and  translated  in  a  cell-free  system  in 
order  to  identify  the  encoded  polypeptide.   By  this  process  of  selection  three 
colonies  were  identified,  out  of  1,500  screened,  which  were  positive  for 
H-2  antigen.   The  nucleotide  sequence  of  the  inserted  DNAs  which  consist 
of  about  800  nucleotides  is  being  carried  out  in  order  to  ascertain 
definitively  the  nature  of  these  clones.   The  availability  of  such  clones 
will  permit  a  study  of  the  molecular  organization  of  the  system  and  permit 
a  better  understanding  of  the  nature  of  the  extensive  polymorphism  at  the 
H-2  loci.   Another  approach  for  isolation  of  the  H-2  gene  is  the  use  of  a 
synthetic  deoxydecapentanucleotide  for  screening  libraries  of  genomic  DNA. 
The  power  of  this  approach  has  been  clearly  illustrated  by  the  isolation 
of  globin  genes.   It  remains  to  be  seen  if  this  method  will  apply  to  the 
H-2  system. 

The  most  purified  preparations  of  H-2   could  be  incorporated  into 
artificial  membranes  (liposomes)  prepared  from  egg  lecithin.   The  papain 
fragment  of  H-2  would  not  bind  to  the  artificial  membranes  thus 
implicating  the  carboxyl  terminal  6000  dalton  segment  of  H-2K  as  the 
membrane  binding  segment.   H-2   could  be  incorporated  into  the  liposomes 
by  either  a  detergent  dialysis  procedure  or  simply  by  incubating  preformed 
liposomes  and  H-2   together  at  4°  in  the  absence  of  detergents.   At  least 
60%  of  the  H-2  was  oriented  with  the  hydrophilic,  antigenic  portions 
extending  away  from  the  liposome  into  solution.   Some  of  the  H-2  ,  however, 
was  oriented  toward  the  inside  of  the  liposomes.   A  portion  of  the  H-2   that 
was,  bound  to  liposomes  was  very  resistant  to  papain,  but  most  of  the 
H-2  was  readily  digested  from  the  liposomes  and  yielded  a  typical  papain 
fragment.   In  summary,  it  appears  that  purified  dH-2  bound  to  liposomes 
has  properties  which  are  very  similar  to  H-2  as  it  is  found  on  the  plasma 
membrane.   These  artificial  liposomes  containing  H-2  will  be  used  to 
examine  the  interactions  of  H-2  antigens  with  lymphoid  cells. 


765 


Tumor  Associated  and  Tumor  Specific  Antigens 

Attempts  continue  to  purify  to  homogeneity  the  tumor  rejection  anti- 
gen(s)  of  the  Meth  A  sarcoma.   These  studies  are  now  made  somewhat  easier  by 
our  recent  finding  that  the  majority  of  TSTA  is  found  in  the  cytosol  fraction 
of  the  Meth  A  cell  and  one  need  not  resort  to  solubilization  of  the  cell 
membranes  with  detergents.   The  results  of  our  recent  studies  with  the  cytosol- 
derived  antigen(s)  are  as  follows:  1)  the  majority  of  the  TSTA  is  in  the 
cytosol  (but  is  found  also  on  the  membrane),  2)  the  biochemical  properties, 
that  is,  behavior  in  gel  chromatography,  lectin  affinity  chromatography, 
responses  to  proteases,  etc.  and  the  immunologic  properties  such  as  dose- 
response  to  antigen,  specificity,  lack  of  any  evidence  of  immune  deviations 
in  the  host  are  similar  in  both  the  membrane-derived  and  the  cytosol 
derived  TSTA,  3)  the  active  fraction  following  S-200,  lectin  and  AcA54 
chromatography  is  in  the  60-70,000  M  range  and  4)  this  most  enriched 
cytosol  fraction  is  found  also  to  absorb  inhibition  of  the  Meth  A  specific 
antiserum  that  detects  TSSA  on  Meth  A  cells.   Thus  TSTA  and  TSSA  appear  to 
be  related  antigens  and  these  both  appear  not  to  be  integral  membrane 
proteins  but  to  be  peripherally  bound  to  the  membrane,  and  5)  two-dimensional 
gel  electrophoresis  of  the  most  active  fraction  from  the  final  AcA54 
chromatography  shows  that  a  major  component  of  68,000  M  ,  may  represent 
the  TA  (TSTA  and  TSSA) .  r 

It  is  the  hope  that  this  most  enriched  material  can  be  used  to  develop 
hybridoma  anti-Meth  A  specific  cytotoxic  antisera  to  be  used  in  further 
purification. 

A  second  approach  to  purification  of  TATA  is  being  used.   Meth  A  and 
CI-4,  another  MCA-induced  BALB/c  sarcoma  (also  in  ascitic  form),  will  both 
be  purified  simultaneously  from  the  cytosol  using  high  salt  and  dithio- 
threitol  to  prevent  aggregation.   Purification  has  proceeded  through 
extraction  and  gel  filtration  and  we  find  that  CI-4  behaves  like  Meth  A 
in  that:  the  soluble  (not  solubilized)  cytosol  contains  most  of  the  TSTA 
activity  which  is  specific  for  CI-4  and  behaves  similarly  to  the  membrane- 
derived  TSTA.   Small  amounts  of  material  (UOyg)  give  complete  protection 
against  CI-4  challenge.   Once  Meth  A  and  CI-4  are  partially  purified  by  con- 
ventional techniques,  antisera  will  be  obtained  from  rabbits.   It  is  the  hope 
that  the  impurities  present  at  this  stage  will  be  common  to  Meth  A  and  CI-4 
and  that  absorption  of  the  impurities  against  CI-4  may  be  used  to  absorb  the 
impurities  against  Meth  A  (and  vice  versa)  leaving  TSTA  as  the  unique  protein. 

We  have  now  completed  our  work  with  the  C-l  sarcoma  obtained  from 
Parmiani's  group  in  Milan.   This  neoplasm  offered,  we  felt,  the  best  hope 
for  determining  the  significance,  for  the  tumor  and  for  the  host,  of  alien 
H-2  antigens  resident  on  a  neoplasm.   Indirect  evidence  in  the  literature 
had  pointed  strongly  to  the  possibility  of  alien  H-2  antigens  functioning 
in  some  form  as  TSTA.   In  summary  our  findings  using  this  model  are:  1)  the 
alien  specificities  H-2.1,  5,  11,  23  and  25  representing  the  H-2K 
haplotype  have  been  identified  on  C-l  membranes,  have  been  solubilized 
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and  characterized.   They  appear  to  be  normal  biochemically.  2)  The  membrane 
antigens  of  C-l  have  been  solubilized  both  with  Na-DOC  and  NP-40,  then 
subjected  to  Ultrogel  AcA34  chromatography  and  affinity  chromatography 
using  Lens  culinaris  lectin  columns  with  simultaneous  assays  for  alien 
and  normal  H-2  activities  and  tumor  rejection  activity.   A  clear  separation, 
in  both  studies,  was  attained  of  H-2  activity  and  tumor  rejection  activity, 
the  TSTA  activity  appearing  as  a  separate  60-70K  entity  similar  to  Meth  A 
TSTA  but  unlike  Meth  A  in  being  extremely  labile. 

Thus  it  is  clear  from  these  studies  with  an  MCA-sarcoma  containing 
alien  H-2  antigens  in  the  syngeneic  BALB/c  system,  that  H-2  do  not 
function  as  tumor  rejection  antigens. 

Unique  Cross  Reactivity  of  Meth  A  Immunity 

We  continue  collaborative  studies  of  the  mechanisms  involved  of  the 
specific  Meth  A  immunogenicity  found  in  the  cells  of  an  M-MSV  (MuLV)- 
induced  BALB/c  sarcoma.   It  was  found  originally  that  a  tissue-culture 
passaged  variant  of  the  neoplasm,  11A,  was  capable  of  absorbing  cytotoxicity 
of  the  specific  cx-Meth  A  antiserum,  the  only  one  (except  Meth  A)  of 
mere  than  100  neoplasms,  normal  tissues  and  viruses  capable  of  absorption. 
The  11A  variant  was  found  to  immunize  BALB/c  mice  in  a  specific  manner 
against  Meth  A  only.   The  11A  variant  is  a  virus  producer  line  but  in 
contrast  to  the  original  11A  tumor  line  (carried  in  vivo)  does  not 
contain  rescuable  MSV. 

A  B- tropic  virus  has  been  isolated  from  the  11A  variant  line.   This 
uncloned  virus  (HK-MuLV)  when  infecting  SC-1  cells  was  found  to  transmit 
specific  immunity  to  Meth  A.   HA-MuLV  was  cloned  by  twice  limiting 
dilutions  but  upon  infectivity  of  SC-1  cells  was  negative  in  specific 
immunogenicity  assays  against  Meth  A  suggesting  that  HA-MuLV  represents 
a  minority  among  the  HA-MuLV  population  of  viruses.   Then,  SC-1  cells 
were  infected  with  a  higher  multiplicity  of  virus  (sucrose-banded  virus) . 
The  infected  SC-1  cells  were  cloned  and  assayed  for  XC  reactivity  and 
for  their  ability  to  absorb  cytotoxic  a-Meth  A  antibody.   Among  the 
many  clones  assayed  and  those  showing  XC  (+)  reactivity,  about  20%  were 
positive  for  absorption.   Negative  XC  clones  showed  no  absorption.   Seven 
of  the  XC  (+) ,  absorption  (+)  like  clones  are  presently  being  assayed  for 
Meth  A  immunogenicity.   It  is  likely  that  HA-MuLV  serves  as  a  vector  of 
Meth  A  genetic  information.   The  molecular  basis  for  this  unusual 
situation  is  under  continued  study. 

Efforts  in  the  past  year  have  also  been  concentrated  on  identifying 
and  characterizing  the  cell  surface  neoantigens  on  RBL-5  leukemia  cells. 
Particular  emphasis  has  been  placed  on  identifying  those  antigens  that 
a)  induce  tumor  rejection  activity  in  vivo  (TSTA),  b)  induce  cytotoxic 
T  lymphocytes  in  vi  tro,  c)  are  recognized  in  a  C'-dependent  cytotoxicity 
assay  using  a  newly  developed  syngeneic  antiserum. 
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Successful  induction  of  syngeneic  antiserum  using  as  immunogen 
purified  plasma  membrane  antigens  fractionated  on  gel  filtration  column. 
The  antiserum  obtained  was  shown  to  be  specific  for  RBL-5  cells.   No  other 
F,  M  or  R-MuLV- induced  leukemics  were  lysed.   The  only  other  tumor  lysed 
by  the  syngeneic  antiserum  is  a  chemically-induced  leukemia,  EL-4 .   The 
exact  relationship  between  RBL-5  and  EL-4  is  presently  not  clear. 
Coupling  of  the  immunoglobulins  from  the  syngeneic  antiserum  to  Sepharose 
4B  facilitated  the  isolation  of  an  antigen  with  molecular  weights  of  46,000 
and  21,000  as  determined  by  SDS-PAGE.   This  antigen  also  protected  mice 
against  challenge  with  RBL-5  tumor  cells. 

We  have  also  carefully  defined  the  parameters  of  generating  CTL  in  vitro 
with  solubilized  plasma  membrane  antigens  of  RBL-5  during  a  secondary 
stimulation.   We  have  further  shown  the  feasibility  of  inducing  CTL  with 
fractionated  tumor  antigen  and  the  reaction  was  determined  to  be  specific. 

The  bulk  of  our  effort  in  the  past  year  was  devoted  to  the  biochemical 
isolation  of  the  TSTA.   Initially,  purification  was  carried  out  using 
purified  plasma  membranes  (PM)  of  RBL-5  tumor  cells  as  starting  material. 
Later  we  discovered  that  the  cytosol  of  RBI-5  cells  also  contained  abundant 
amounts  of  TSTA  as  with  Meth  A  and  CI-4.   The  purification  steps  for  the  PM 
isolated  antigen  included,  a)  gel  filtration  of  DOC-solubilized  PM  on 
Ultrogel  AcA34.   b)  Lens  culinaris  lentil  lectin  affinity  chromatography 
and  subsequent  elution  of  bound  proteins  with  3%  a-methylmannoside.   c)  Iso- 
electric focusing.  After  each  step  the  fractionated  materials  were  tested 
in  vivo  for  TSTA  activity.   In  the  last  step  of  attempted  purification 
(isoelectric  focusing)  the  active  TSTA  was  found  between  pH  5.5  and  5.8. 
SDS-PAGE  of  this  active  TSTA  fraction  yielded  3  bands  of  molecular  weights 
80,000,  46,000  and  21,000.   These  results  were  consistently  obtained  with 
at  least  6  different  plasma  membrane  preparations.   Under  the  denaturing 
conditions  of  SDS-PAGE,  3  polypeptides  could  be  resolved  for  the  TSTA; 
in  the  absence  of  SDS  (i.e.,  nondenaturing  condition),  only  one  band 
could  be  resolved.   This  suggests  that  the  three  polypeptides  are 
naturally  associated  in  a  complex.   Whether  these  proteins  are  the  tumor 
rejecting  antigen  remains  to  be  determined.   Recently  we  discovered 
that  abundant  amounts  of  TSTA  were  also  present  in  the  cytosol. 

As  to  whether  the  TSTA  is  related  to  any  of  the  viral  structural 
proteins,  gp70,  p30,  pl5,  pl5E,  pl2  or  plO  is  a  subject  on  which 
considerable  amounts  of  time  have  been  devoted.   In  carrying  out  this 
study,  RBL-5  tumor  cells  were  metabolically  labeled  with   S-methionine. 
Radio iinmuno precipitation  experiments  were  then  performed  using  goat  agp70, 
goat  ap30,  goat  apl5,  goat  apl2,  goat  aplO,  mouse  monoclonal  apl5E  and 
syngeneic  antiserum  to  RBL-5  tumor  antigen.   The  preliminary  results, 
oh  the  basis  of  molecular  weights  of  immunoprecipitated  proteins,  would 
seem  to  suggest  that  the  46,000  and  21,000  molecular  weight  proteins 
recognized  by  the  syngeneic  antiserum  are  unrelated  to  viral  proteins. 


The  biochemical  events  responsible  for  transformation  of  normal  cells 
to  neoplastic  cells  have  not  been  defined.   An  important  question  which  has 
been  addressed  frequently  is  that,  if  obligatory  key  steps  are  involved, 
a  common  set  of  target  proteins  might  be  found  in  all  transformed  cells. 
We  have  described  the  preliminary  characterization  of  a  53,000  molecular 
weight  protein  (p53)  that  was  found  in  all  transformed  cells  of  the  mouse. 
To  determine  the  relationship  of  p53  antigen  detected  in  cells  transformed 
by  various  DNA  or  RNA  tumor  viruses  and  methylcholanthrene-induced  sarcomas 
we  have  compared  the  p53  antigens  by  two  dimensional  tryptic  peptide  analysis, 
The  tryptic  peptide  maps  of  p53  obtained  from  cells  transformed  by  SV40, 
polyoma  virus,  MSV  and  ASV  are  very  similar.   From  four  different  methyl- 
cholanthrene-induced sarcomas,  although  the  maps  of  p53  antigens  obtained 
are  generally  similar,  they  include  peptides  that  are  unique  to  each 
tumor.   These  differences  could  arise  in  many  different  ways.   There  could 
be  more  than  one  p53  locus  in  the  genome;  transcriptional  or  posttransla- 
tional  modification  as  well  as  mutational  events  could  result  in  different 
p53  products.   A  characteristic  feature  of  methylcholanthene  induced 
sarcoma  is  the  presence  of  distinctive  antigens  on  the  surface  of  tumor  cells. 
These  antigens  are  highly  polymorphic  and  can  act  as  strong  transplantation 
antigens  (TATA)  in  syngeneic  hosts.   Recently  an  individually  distinctive 
tumor  specific  surface  antigen  (TSSA)  has  also  been  defined  for  a  methyl- 
cholanthrene  induced  BALB/c  sarcoma  (Meth  A)  with  a  cytotoxic  antiserum 
prepared  in  (BALB/c  x  C57BL/6)F  mice.   An  important  question  therefore 
is  whether  the  individually  distinct  TSTAs  or  TSSAs  are  related  to  p53. 
Recent  work  has  shown  that  TATA  activity  resides  on  both  the  plasma 
membrane  and  the  cytosol  of  the  cell  as  does  the  p53  activity.   The  TATA 
derived  from  both  these  systems  may  also  be  related  to  the  surface  antigen 
(TSSA)  since  the  most  enriched  TATA  fractions  also  inhibited  the  cyto- 
toxicity of  an  antiserum  against  Meth  A.   Definitive  conclusions,  however, 
as  to  the  identity  of  TATA,  TSSA  and  p53  must  await  further  purification 
and  biochemical  characterization. 

Plasmacytomas:  Susceptibility  and  Resistance 

Karotypic  Analyses 

A  karyotypic  analysis  of  primary  and  early  transfer  generation 
plasmacytomas  has  been  carried  out  using  G-banding  to  identify  specific 
chromosomes.   Among  18  tumors  analyzed  several  characteristic  translocations 
have  been  identified:  T6;15,  T12;15,  deleted  15.   Sixteen  of  the  18  tumors 
have  the  T12;15  and  del  15  abnormality  and  3  have  the  rcpT6;15.   All  of 
the  latter  are  kappa  chain  producers.   In  a  series  of  8  lambda  tumors  none 
has  rcpT6;15.   Since  chr.  6  carries  the  K-chain  genes  and  chr .  12  carries 
the  heavy  chain  genes,  there  seems  to  be  some  association  with  Ig-gene 
complex  loci.   This  is  further  strengthened  by  the  observation  that  the 
translocations  (like  the  allelic  exclusion  phenomenon)  involves  only  1 
hap lo type  in  a  cell  and  in  tetraploid  cells  only  2  of  the  4  chromosomes 
are  involved.   The  break  in  chr.  15  however,  is  consistent  throughout 
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and  appears  to  occur  in  the  same  band  site.   Because  chr.  15  is  implicated 
in  T-cell  leukemias  in  the  mouse,  it  is  possible  that  a  break  in  chromosome 
15  may  have  an  important  biological  effect  on  the  differentiation  and 
development  of  B-lymphocytes  and  plasma  cells. 

We  are  also  attempting  to  induce  plasmacytomas  in  mice  carrying  the  T6 
translocation.   T6  is  carried  on  a  CBA  background  a  mouse  that  is  presumably 
plasmacytoma  resistant.   The  T6  translocation  involves  chrs.  14  and  15.   Thus, 
if  plasmacytomas  could  be  induced  in  mice  that  have  a  normal  15  and  a  14; 15 
translocation,  it  would  be  of  interest  to  determine  which  chromosome 
develops  the  T12;15-del  15  translocation.   For  this  purpose  we  are  intro- 
gressively  backcrossing  T14;15  and  del  15  (from  T6)  onto  BALB/c  and 
attempting  to  induce  plasmacytomas  with  pristane.   We  have  also  obtained 
two  other  translocation  stocks  for  this  purpose  T10;12  31H  from  Harwell 
and  the  T5;12  from  Oak  Ridge.   These  translocations  are  also  on  plasma- 
cytoma resistant  strains. 

Since  little  is  known  about  chr.  15  in  the  mouse  we  are  studying  the 
effects  of  other  marker  genes  and  their  neighbors  located  on  chr.  15  for 
their  role  in  plasmacytomagenesis.   We  are  testing  bt  (belt)  on  C57BL/Ka 
which  can  be  assayed  at  BC  •  caracul  (Ca)  which  probably  can  also  be 
similarly  assayed.   The  presumption  here  is  that  genes  controlling 
susceptibility  in  BALB/c  are  located  on  chr.  15. 

We  are  further  pursuing  the  karyotypic  analysis  of  plasmacytomas  with 
Abelson  induced  plasmacytomas  (ABFcT)  and  lymphosarcomas  (ABLS) .   ABLS 
are  balanced  diploids.   Four  of  5  ABPC  has  the  T12;15.   One  of  the 
positive  tumors  ABPC103  was  partly  induced  in  vitro  in  31  days  suggesting 
the  T12;15  translocation  is  an  early  event  in  plasmacytomagenesis. 

We  continue  our  studies  on  the  identification  of  genes  confering 
susceptibility  to  mineral  oil  plasmacytomagenesis  in  BALB/c  mice.   Most 
inbred  strains  of  mice  are  not  susceptible  to  peritoneal  plasmacytomagenesis. 
The  remarkable  susceptibility  of  strains  BALB/c  and  NZB  suggests  specific 
genes  are  involved.   Fl  hybrids  of  BALB/c  and  the  resistant  DBA/2  strains 
are  resistant  to  plasmacytomagenesis  suggesting  resistance  genes  are 
dominant.   We  are  attempting  to  identify  resistance  (R)  genes  in  DBA/2 
by  backcrossing  a  number  of  DNA/2  loci  onto  the  BALB/c  genotype,  to  produce 
BALB/c  congenics  carrying  R  genes.   The  aim  of  this  work  is  to  identify 
the  resistance  (R)  genes,  as  a  first  step,  and  then  to  test  whether  the 
allele  of  the  R  gene  is  a  susceptibility  gene  by  linkage  association.   The 
ultimate  aim  is  to  find  the  product  or  the  function  of  the  susceptibility 
gene  and  show  how  it  leads  to  neoplastic  change  in  plasma  cells. 
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Mammalian  Cellular  Genetics 

We  have  continued  our  work  on  the  characterization  of  normal  and  trans- 
formed cells  cultured  from  rat  thyroid  glands.   We  have  learned  that  once 
isolated  in  0.5%  calf  serum,  hormone  supplemented  medium,  strains  like  FRTL 
can  be  adapted  to  grow  in  medium  containing  the  six  hormones  and  5%  calf 
serum  with  a  doubling  time  of  only  30-40  hours  (c.f .  5-7  days)  while 
maintaining  thyroglobulin  synthesis  and  iodide  concentration.   These  and 
other  strains  of  rat  thyroid  cells  will  be  tested  for  their  ability  to 
replace  the  thyroid  functions  in  animals  that  have  been  thyroidectomized 
and  had  all  residual  thyroid  function  ablated  (with  131-1).   The  attempt 
in  this  experiment  is  to  develop  an  assay  for  "normality"  of  differentiated 
cells  in  culture. 

Our  study  continues  concerning  the  growth  and  differentiated  function 
of  the  Fisher  rat  thyroid  cells  (FRTL) .   It  was  found  that  the  kinetics  of 
iodide  uptake  (Fig.  1)  in  these  cells  is  analogous  to  rat  thyroid  in  vivo. 
It  was  also  found  however,  that  these  cells  have  no  detectable  synthesis 
of  the  thyroid  hormones  T3  and  T4  as  assayed  by  a  sensitive  RIA  procedure 
refined  from  commercially  available  antibodies  and  radioactive  ligands 
(thyroxine  and  tri-iodothyronine) .   We  are  currently  studying  the  reason 
for  this  lack  of  synthesis,  which  seems  to  be  related  to  the  failure  of  FRL 
cells  to  organize  into  properly  oriented  follicular  structures  in  culture 
dishes.   The  possibility  of  another  cell  type  being  necessary  for  the  formation 
of  follicles  in  vivo  is  being  studied  by  isolating  clones  of  cells  from  newly 
prepared  lines  of  fully  functional  thyroid  cells,  which  do  form  follicles 
and  make  thyroid  hormones.   These  clones  will  be  tested  for  their  ability 
to  interact  with  FRTL  cells  to  form  functional  follicles  which  produce  thyroid 
hormone. 

The  attachment  and  growth  of  FRTL  cells  has  been  studied  on  both  porous 
and  non  porous  microcarrier  beads,  and  has  found  that  the  cells  will 
attach  to  the  beads  and  remain  viable,  however,  good  growth  with  this 
system  has  yet  to  be  achieved.   These  microcarriers  do  appear,  however,  to 
be  useful  for  the  large  scale  production  of  SV40  transformed  strains  of  FRTL 
derived  cells. 

We  have  also  used  intracellular  microelectrodes  to  study  the  electro- 
physiological properties  and  the  electrical  presponses  to  catecholamines  in 
FRTL  cells.   FETL  cells  have  membrane  potentials  of  -60  to  -70  MV  and 
membrane  resistance  is  non-linear.   The  possibility  that  non-linear 
resistance  properties  may  be  related  to  secretion  is  being  studied.   The 
effects  of  extracellular  I-  on  the  membrane  potential  is  being  studied  to 
determine  the  ionic  mechanisms  of  I-  uptake.   The  ionic  dependence  of  the 
membrane  potential  is  being  studied  by  replacing  extracellular  Na  ,  Ca   , 
and  K  .   Catecholamines  cause  a  depolarization  of  the  FRTL  membrane 
potential.   This  effect  is  due  to  an  increase  in  membrane  permeability  to 
Na  and/or  Ca   .   The  effects  of  TSH  on  membrane  potential  will  be 
examined  this  year.   Secretory  processes  in  nerve  and  gland  cells  is 
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regulated  by  depolarizations  which  increase  (or  are  due  to  increase)  in  Ca 
permeability. 

Since  May  of  1979  we  have  been  pursuing  in  a  new  way  one  of  the  long 
standing  interests  of  our  laboratory,  the  culture  and  differentiation  of 
cells  from  the  13-18  day  embryonic  rat  central  nervous  system  (CNS) .   We  are 
using  a  temperature  sensitive  (ts)  mutant  of  SV40  to  produce  transformed 
cells  (presumably  neuroblasts)  from  standardized  regions  of  the  ens:  fore- 
brain  (cerebral  hemispheres),  Thalamus  (including  hypothalamus),  cerebellum 
(rudiment),  spinal  cord  and  retina.   The  premise  of  the  experiments  is  that 
33°C,  the  permissive  temperature,  the  neuroblasts  will  divide,  clone  and 
supply  amplified  material  such  that  when  the  cultures  are  shifted  up  to  40°C, 
the  restrictive  temperature  they  will  then  produce  differentiated  neurons 
according  to  the  kind  of  neuroblast  originally  transformed.   This  scenario 
has  been  realized  this  past  year  in  the  isolation  of  nearly  20  separate  cell 
strains  (mostly  from  the  spinal  cord)  .   There  are  very  interesting  but  still 
rather  preliminary  observations  that  have  emerged: 

One  cell  strain  that  has  been  cloned  by  colony  isolation  three 
successive  times  still  produces  when  shifted  up  to  40 °C  two  types  of 
morphologically  and  electrophysiological^  distinct  cells  -  one  a  multipolar 
neuron  and  a  second,  bipolar  cell  that  may  not  be  a  neuron,  possibly  it  is 
a  glial  cell  or  Schwann's  sheath  cell.   2)  Most  of  the  other  cell  strains 
produce  a  single  cell  type  judged  by  morphology  -  and  these  cell  strains 
appear  to  survive  better  and  to  show  more  perfect  differentiation  when  they 
are  co-cultivated  with  another  strain.   There  is  also  evidence  of  cellular 
interaction  in  the  normal  cell  controls. 

Of  course,  each  time  that  virally  transformed  cells  are  produced,  normal 
cells  (cells  not  exposed  to  virus)  are  cultured  in  parallel.   Since  the 
transformed  cells  have  to  be  cultured  at  33°,  the  normal  cells  have  also 
been  cultured  at  33°  and  with  very  surprising  results.   We  are  especially 
excited  by  the  unexpected  results  of  these  low  temperature  cultures  of 
non  transformed  cells.   They  grow  longer  as  neuroblasts  and  differentiate 
into  neurons  in  a  spectacular  and  heretofore  undescribed  way.   It  may 
prove  possible  for  us  to  do  much  of  the  experimentation  we  wanted  to  do 
without  having  to  resort  to  the  transformed  cells.   Particularly  the 
first  description  of  the  electrophysiological  properties  of  the  cells  as 
they  differentiate  from  neuroblast  and  neuron.   The  transformation  from 
neuroblast  to  neuron  may  be  brought  under  sufficient  experimental  control 
in  these  cultures  to  allow  us  to  produce  homogeneous  (probably  cloned) 
cell  strains  for  more  complex  biochemical  and  cell  combinatorial  analysis. 

No  small  part  of  the  present  success  with  culture  of  CNS  neurons  has 
come  about  as  a  result  of  our  previous  development  of  the  low  serum,  hormone 
supplemented  culture  medium  for  the  FRTL-thyroid  cells.   That  medium,  a 
modified  F12  known  as  mF12+6H  contains  a  mere  0.5%  calf  serum  (N.B.  not 
fetal  calf)  and  it  has  been  found  to  produce  spectacularly  improved  cultures 
from  fetal  brains  compared  to  what  was  possible  before  this  approach  was 
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applied  to  brain  cultures.   The  six  hormones  present  in  the  mF12+6H 
medium  include  a  crude  TSH  preparation  from  bovine  pituitarites .   For  the 
FRTL  cells,  it  is  the  TSH  that  is  required  as  judged  by  successful  replace- 
ment with  highly  purified  TSH.   However,  for  the  neuron  cultures  it  is 
not  TSH  but  some  other  component  which  we  hope  to  be  able  to  isolate  from 
the  material.   Hormones  and  growth  factors  as  additives  to  cell  cultures  are 
popular  these  days  and  there  is  special  interest  among  neurobiologists  in 
improvements  in  neuron  culture  and  especially  in  new  nerve  growth  factors 
that  are  active  on  cells  from  the  CNS . 

We  have  also  begun  to  characterize  the  electrophysiological  properties 
of  SV40  transformed  cell  strains  obtained  from  the  CNS.   Two  strains  which 
develop  process  at  40°  also  have  membrane  potentials  of  -40  to  -60  MV  and 
exhibit  non-linear  resistance  properties.   Depolarizing  and  hyperpolarizing 
current  pulses  elicit  "proto-action  potentials"  which  are  not  recorded 
from  glial  cells,  fibroblasts  or  FRTL  cells. 

Study  of  the  Organization  and  Control  of  Genetic 

Material  in  Immunoglobulin-secreting  Plasmacytomas 

The  organization  of  immunoglobulin  light  and  heavy  chain  genes  and  the 
control  mechanisms  active  in  selecting  those  being  transcribed  and  those  which 
are  expressed  in  protein  synthesis  are  being  studied.   Particular  attention 
has  been  devoted  to  the  molecular  biology  of  mouse  IgD  since  our 
identification  during  the  past  year  of  the  first  two  mouse  plasmacytomas 
that  secrete  this  class  of  Ig.   The  nature  of  the  two  IgD  myeloma  proteins, 
their  glycosylation  during  biosynthesis  and  secretion,  and  their  antigenic 
properties  have  been  investigated.   mRNA  for  the  IgD  heavy  chain  has 
been  prepared  from  one  tumor  and  used  to  synthesize  cDNA.   This  cDNA  has 
been  cloned  in  bacteria  and  used  to  isolate  a  genomic  DNA  clone  containing 
the  IgD  heavy  chain.   The  DNA  sequence  of  the  cDNA  clone  and  the  genomic 
clone  have  been  partially  completed.   The  IgD  heavy  chain  constant  region 
gene  has  been  found  to  be  close  to  the  IgM  constant  region  gene  in 
mouse  liver  DNA.   The  transcription  of  these  genes  is  being  studied. 

Mouse  myelomas  synthesize  6  chain  with  MW  of  about  43,000  daltons. 
Post  translational  processing  includes  removal  of  a  small  amino  terminal 
leader  sequence,  and  at  least  two  additions  of  carbohydrate.   The  secreted 
IgD  has  a  heavy  chain  with  an  apparent  MW  of  60,000  daltons  and,  when 
membrane  bound,  has  an  apparent  MW  of  65,000  daltons.   Each  IgD  myeloma 
protein  has  idiotypic  and  isotypic  antigenic  determinants  suggesting  that 
it  contains  variable  and  constant  regions. 

Two  bacterial  clones  have  been  identified  containing  plasmids  bearing 
inserts  of  6  chain  DNA.   DNA  sequence  studies  of  these  plasmids  have 
provided  the  first  information  on  the  primary  structure  of  mouse  6  chains. 
A  substantial  homology  was  found  with  the  protein  structure  of  human  6 
chain  C  3  but  virtually  none  exists  between  the  C  2  domains  of  mouse  and 
human   5 . 
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The  isolation  of  the  genomic  clone  of  6  chain  has  permitted  the 
unambiguous  determination  of  the  order  of  two  Ig  constant  region  genes 
since  both  y  and  6  chain  genes  were  found  on  the  same  cloned  fragment  of 
chromosomal  DNA.   The  5'  to  31  order  indicated  by  this  clone  is  u-6 , 
and  the  two  constant  region  genes  are  no  more  than  5  kilobase  pairs 
apart. 

Immune  Response  to  Tumor  Associated  Antigens 

This  area  of  research  in  LCB  involves  studies  of  a)  the  mechanism 
for  tumor  cell-induced  immunosuppression  and  reversal  of  immunosuppression 
by  macrophages,  b)  immunocompetence  of  tumor  bearers,  and  c)  the 
immunoregulatory  circuit  among  macrophage  subsets  and  T  cell  response 
to  tumor  cells. 

Some  tumor  cells  are  suppressive  for  T  cell-mediated  cytotoxic 
responses  both  in  the  syngeneic  system  against  tumor  associated  antigens 
and  in  the  allogeneic  system  against  alloantigens .   The  suppressive 
factors  isolated  from  tumor  cells  can  be  of  either  viral  origin  or  nonviral 
origin.   The  viral  component  is  most  likely  to  be  of  endogenous  origin. 
To  combat  the  immunosuppressive  effect  of  tumor  cells,  the  host  can  use 
macrophages  to  reverse  the  immunosuppression.   It  has  been  further 
determined  that  only  the  macrophages  derived  from  the  peritoneal  cavity 
possess  this  capability. 

A  high  dose  of  tumor  cells  can  directly  suppress  T  cell-mediated 
immunity.   In  the  presence  of  a  nonsuppressive  dose  of  tumor  cells, 
suppression  of  T  cell  response  can  be  induced  through  host  macrophages. 
It  has  been  further  determined  that  this  tumor  cell  triggered  macrophage- 
mediated  suppression  requires  the  collaboration  of  two  subsets  of 
macrophages:  splenic  and  peritoneal  macrophages.   Suppression  can  be 
induced  only  if  splenic  macrophages  are  preexposed  to  tumor  cells  and  then 
the  suppressor  mechanism  is  triggered  by  further  interaction  with 
peritoneal  macrophages.   Preexposure  of  peritoneal  macrophages  to  tumor 
cells  prevents  the  induction  of  suppression  by  tumor  cells.  It  appears 
that  macrophages  play  a  critical  role  in  the  regulation  of  T  cell 
response  to  tumor  cells. 

Various  cellular  compartments  of  the  immune  system  show  different 
degrees  of  susceptibility  to  tumor  cell  suppression.   This  can  be 
best  studied  by  comparison  of  the  immunocompetence  of  various  cellular 
compartments  in  normal  and  in  tumor  bearing  hosts.   It  has  been  found 
that  not  only  is  there  no  decrease  in  the  ability  of  tumor  bearers' 
peritoneal  macrophages  to  reverse  the  immunosuppressive  effect  of  tumor 
cells,  this  ability  is  actually  higher  in  the  tumor  bearers.   In 
contrast,  the  splenic  macrophages  of  tumor  bearers  are  found  to  be 
suppressive  for  T  cell-mediated  immunity.   This  is  shown  by  their  ability 
to  interfere  with  the  peritoneal  macrophages  to  reverse  the  immuno- 
suppressive effect  of  tumor  cells,  and  to  increase  the  susceptibility 


774 


to  tumor  cell  suppression.   These  findings  demonstrate  the  dichotomy 
of  macrophage  function.   Furthermore,  T  cell-mediated  cytotoxic  response 
is  largely  intact  in  tumor  bearers  if  the  response  is  performed  in  an 
in  vitro  tumor  free  environment .   However,  this  T  cell  response  is 
greatly  reduced  in  the  presence  of  tumor  bearers  either  in  vitro  or  in 
vivo.   Therefore,  immune  response  in  tumor  bearers  is  also  dependent 
upon  the  interaction  among  various  lymphoid  cellular  elements  and  the 
tumor  cells. 

Chaiacterization  of  Retroviruses  Involved  in  Oncogenesis 

and  Biologic  Studies  of  Virus-infected  and  -Transformed  Cells 

In  our  ongoing  analysis  of  the  events  associated  with  the  replication 
of  intracisternal  A  particles  (IAP) ,  a  number  of  biochemical  markers  have 
been  studied.   It  had  been  previously  determined  that  RNA  tumor  viruses 
of  several  types,  including  both  avian  and  mammalian  species,  contained 
N  -guanine  RNA  methylase.   Since  IAP  are  genetically  related  to  an 
endogenous  retrovirus  of  the  Mus  cervicolor  strain  of  mouse,  and  share 
several  common  biochemical  properties  of  retroviruses,  they  were 
examined  for  the  presence  of  N  -guanine  RNA  methylase  to  further  test  the 
assumption  that  the  enzyme  might  be  specific  for  this  class  of  viruses. 

The  results  indicated  that  instead  of  a  single  methylase,  six 
methylases  were  associated  with  IAP,  a„cytidine  and  uridine  methylase, 
two  N  -guanine  monometbylases,  an  N  , N  -dimethylguanine  methylase  and  an 
adenine  methylase.   Mien  E^_  coli  tRNA    was  used  as  an  acceptor  RNA, 
these  enzymes  were  indistinguishable  from  cellular  enzymes.   However, 
the  specific  activity  of  the  IAP  core-associated  methylases  increased 
two-fold  as  compared  to  the  methylases  of  the  intact  particles.   These 
results  indicated  that  the  enzymes  were  associated  with  the  internal 
structure  and  not  simply  adherent  to  the  envelope  surface,  implying  that 
they  are  packaged  during  the  synthesis  of  IAP.   This  data  supports  our 
earlier  observations  which  revealed  that  IAP  in  the  purified  state  contain 
several  species  of  ribosomal  RNA  in  addition  to  the  high  molecular  weight 
RNA  which  is  particle-specific. 

IAP  are  thus  similar  to  retroviruses  in  that  reverse  transcriptase 
is  the  only  known  enzyme  not  of  cellular  origin.   The  results  from  the  RNA 
methylase  experiments  are  reminiscent  of  those  seen  with  non-oncogenic 
viruses  which  bud  from  the  cellular  membrane  and  in  which  cellular  action 
is  incorporated  during  the  budding  process.   In  all  these  model  systems 
studied  thus  far,  the  role  of  the  cellular  enzymes  in  the  virus  life  cycle 
largely  remains  to  be  determined.   Yet  there  is  at  least  one  precedent 
for  cellular  components  being  related  to  viral  infection.   A  specific 
cellular  tRNA  is  intimately  associated  with  the  viral  70S  RNA  of  Rous 
sarcoma  virus  and  avian  myeloblastosis  virus,  and  this  particular  tRNA  is 
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an  effective  primer  of  viral  DNA  in  vitro. 

Recent  studies  have  been  aimed  at  determining  if  IAP  can  be  transmitted 
by  DNA  transfection  techniques.   DNA  was  extracted  from  BALB/c  mammary  tumor 
cells  chronically  infected  with  IAP  and  used  to  treat  pheno typically 
negative  cells.   Rather  than  looking  for  transformation,  IAP  phenotypic 
expression  was  evaluated.   Preliminary  results  suggest  that  transfection 
of  IAP  may  be  possible  at  a  low  level  of  efficiency.   There  is  a  minimal 
increase  in  the  level  of  IAP-specific  mRNA  and  no  increase  in  the  copy 
number  of  IAP-specific  DNA  sequences  in  the  treated  cells.   This  indicates 
that  gene  amplification  is  not  a  feature  of  DNA  transfection  in  this  system. 
The  marked  inefficiency  seen  with  this  technique  reflects,  in  part,  a 
lack  of  horizontal  spread  by  IAP,  which  are  not  released  from  the  cell. 
The  success  of  transfection  in  most  viruses  is  dependent  on  the  development 
of  foci  of  secondary  infection  with  associated  horizontal  spread. 

Studies  continue  on  the  isolation  and  characterization  of  a  novel 
dual-tropic  virus  with  B-tropic  and  xenotropic  properties. 

From  virus  stocks  of  Stansly-MuLV  and  El-MuLV  we  have  isolated  by 
cloning  procedures  a  dual-tropic  virus  exhibiting  B-tropic  and  xenotropic 
properties.   All  dual-tropic  viruses  reported  by  others  exhibit  cither 
N-  or  NB-tropism  in  addition  to  xenotropism  but  no  such  virus  showing 
B-tropism  as  well  as  xenotropism  has  been  isolated  previously.   The  new 
isolates  are  designated  Stansly-MuLV-BX  and  El-MuLV-BX  respectively.   These 
viruses  are  XC(-)  as  are  other  dual-tropic  viruses.   MSV  pseudotypes 
of  these  viruses  have  been  prepared  by  replicating  in  S  L  Mink  or  81 
(S  L  feline  embryo)  cells,  and  used  in  interference  assays.   The  viral 
interference  pattern  indicated  that  these  BX  viruses  belong  to  the  group 
of  dual-tropic  viruses  including  MCF  (Hartley  et_  al . )  ,  HIX  (Fischinger 
et  al.)  and  NBX  (Chang  and  Log)  viruses.   Specific  antiserum  against  these 
viruses  are  being  prepared  by  immunization  of  rabbits.   The  host  range 
properties  and  interference  patterns  suggested  that  these  BX  viruses 
are  envelope  gene  recombinants  between  a  B-tropic  virus  and  a  xenotropic 
virus.   This  hypothesis  will  be  further  tested  in  neutralization  assays 
and  radio immune  assays.   The  possibility  of  recombinational  events  occurring 
in  other  genes  such  as  gag  and  pol  will  be  examined.   The  presence  of  BX 
virus  is  interesting  by  itself  in  view  of  the  current  theory  that  B-tropic 
virus  has  probably  arisen  by  recombination  between  a  xenotropic  virus  and 
an  N- tropic  virus,  the  former  providing  a  gag  gene  and  the  latter  contribu- 
ting other  as  yet  undefined  portion  of  its  genome.   Analysis  of  these 
recombinant  viruses  by  genetic  and  immunobiochemical  methods  will  throw 
light  on  the  origin  and  genesis  of  the  naturally  occurring  endogenous 
retrovirus. 

Studies  continue  on  the  integration  site(s)  for  exogenous  viral  DNA 
sequences  by  restriction  endonuclease  analyses.   These  studies  employ  DNA 
isolated  and  purified  from  KSV(RHHV)  transformed  Fisher  embryonic  cells 
and  from  the  rat  leukemia  (helper)  virus.   Restriction  enzyme  mapping  of 
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the  rat  leukemia  virus  specific  DNA  sequences  showed  a  discrete  band  of 
8.6  kbp  proviral  DNA  was  detected  in  the  purified  and  concentrated  Hirt 
supernatant  DNA  prepared  from  KSV(RHHV) /FEC  cells  20  hours  postinfection. 
This  represents  only  the  RKHV-specific  proviral  DNA.   Proviral  DNA 
sequences  specific  for  KSV  were  not  detectable  in  these  preparations.  The 
proviral  DNA  sequences  for  WR-RaLV  were  detected  in  a  discrete  band 
measuring  8.0  kbp.   Since  EcoRI  did  not  seem  to  change  the  configuration 
of  the  proviral  DNA  of  both  these  rat  viruses,  these  DNA  sequences  were 
probably  isolated  in  linear  form.   Various  restriction  endonucleases  were 
used  to  analyze  the  isolated  RHHV-specif ic  DNA  sequences.   A  preliminary 
physical  map  has  been  constructed  as  a  first  step  towards  the  understanding 
of  the  molecular  constitution  of  a  rat  leukemia  or  helper  virus.  Currently 
we  are  concentrating  our  efforts  in  the  nucleotide  sequence  analysis  of 
the  genomic  DNA  of  these  two  rat  leukemia  viruses. 
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I.   Histocompatibility  and  Tumor  Antigens: 
1.   Studies  of  purification  of  TSTA 

A.  AttempLs  continue  to  purify  to  homogeneity  the  tumor  rejection  anti- 
gen (s)  of  the  Meth  A  sarcoma.  These  are  collaborative  studies  (DuBois, 
Appella  and  Law,  LCB)  and  Deleo  and  Old  (Sloan-Kettering) .   These  studies 
are  now  made  somewhat  easier  by  our  recent  finding  that  the  majority  of 
TSTA  is  found  in  the  cytosol  fraction  of  the  Meth  A  cell  and  one  need 

not  resort  to  solubilization  of  the  cell  membranes  with  detergents.  The 
results  of  our  recent  studies  with  the  cytosol-derived  antigen(s)  are  as 
follows:   1)  the  majority  of  the  TSTA  is  in  the  cytosol  (but  is  found  also 
on  the  membrane),  2)  the  biochemical  properties,  that  is,  behavior  in  gel 
chromatography,  lectin  affinity  chromatography,  responses  to  proteases,  etc. 
and  the  immunologic  properties  such  as  dose-response  to  antigen,  specificity, 
lack  of  any  evidence  of  immune  deviations  in  the  host  are  similar  in  both 
the  membrane-derived  and  the  cytosol  derived  TSTA,  3)  the  active  fraction 
following  S-200,  lectin  and  AcA54  chromatography  is  in  the  60-70,000  Mr 
range  and  4)  this  most  enriched  cytosol  fraction  is  found  also  to  absorb 
inhibition  of  the  Meth  A  specific  antiserum  that  detects  TSSA  on  Meth  A 
cells.   Thus  TSTA  and  TSSA  appear  to  be  related  antigens  and  these  both 
appear  not  to  be  integral  membrane  proteins  but  to  be  peripherally  bound 
to  the  membrane,  and  5)  two-dimensional  gel  electrophoresis  of  the  most 
active  fraction  from  the  final  AcA54  chromatography  shows  that  a  major 
component  of  68,000  M  ,  may  represent  the  TA  (TSTA  and  TSSA). 

It  is  the  hope  that  this  most  enriched  material  can  be  used  to  develop 
hybridoma  anti-Meth  A  specific  cytotoxic  antisera  to  be  used  in  further 
purification. 

B.  A  second  approach  to  purification  of  TATA  is  being  used  (with 
Rogers,  LCB).   Meth  A  and  CI-4,  another  MCA-induced  BALB/c  sarcoma  (also 
in  ascitic  form) ,  will  both  be  purified  simultaneously  from  the  cytosol 
using  high  salt  and  dithiothreitol  to  prevent  aggregation.   Purification 
has  proceeded  through  extraction  and  gel  filtration  and  we  find  that 
CI-4  behaves  like  Meth  A  in  that:   the  soluble  (not  solubilized)  cytosol 
contains  most  of  the  TSTA  activity  which  is  specific  for  CI-4  and  behaves 
similarly  to  the  membrane-derived  TSTA.   Small  amounts  of  material  O'lO^'g) 
give  complete  protection  against  CI-4  challenge. 

Once  Meth  A  and  CI-4  are  partially  purified  by  conventional  techniques, 
antisera  will  be  obtained  from  rabbits.   It  is  the  hope  that  the  impurities 
present  at  this  stage  will  be  common  to  Meth  A  and  CI-4  and  that 
absorption  of  the  impurities  against  CI-4  may  be  used  to  absorb  the 
impurities  against  Meth  A  (and  vice  versa)  leaving  TSTA  as  the  unique 
protein. " 
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2.  Alien  H-2  antigens  on  an  MCA- induced  sarcoma 

We  have  now  completed  our  work  with  the  C-l  sarcoma  obtained  from 
Parmiani's  group  in  Milan.   This  neoplasm  offered,  we  felt,  the  best  hope 
for  determining  the  significance,  for  the  tumor  and  for  the  host,  of  alien 
H-2  antigens  resident  on  a  neoplasm.   Indirect  evidence  in  the  literature 
had  pointed  strongly  to  the  possibility  of  alien  H-2  antigens  functioning 
in  some  form  as  TSTA.   In  summary  our  findings  using  this  model  are:  1)  the 
alien  specificities  H-2.1,  5,  11,  23  and  25  representing  the  H-2K  haplotype 
have  been  identified  on  C-l  membranes,  have  been  solubilized  and  character- 
ized.  They  appear  to  be  normal  biochemically  (Rogers  _et  al.  Transplantation 
Proceedings  12:46-50,  1980).   2)  The  membrane  antigens  of  C-l  have  been 
solubilized  both  with  Na-DOC  and  NP-40,  then  subjected  to  Ultrcgel  AcA34 
chromatography  and  affinity  chromatography  using  Lens  culinaris  lectin 
columns  with  simultaneous  assays  for  alien  and  normal  H-2  activities 
and  tumor  rejection  activity.   A  clear  separation,  in  both  studies,  was 
attained  of  H-2  activity  and  tumor  rejection  activity,  the  TSTA  activity 
appearing  as  a  separate  60-70  K  entity  similar  to  Meth  A  TSTA  but  unlike 
Meth  A  in  being  extremely  labile  (see  Rogers  et_   al.  Transplantation  Proc. 
12:  38-45,  1980;  Law  er  al .  Transplantation  Proc.  12:  46-50,  1980;  Rogers 
et  al.  Int.  J.  Cancer  25:  105-109,  1980). 

Thus  it  is  clear  from  these  studies  with  an  MCA-sarcoma  containing 
alien  H-2  antigens  in  the  syngeneic  BALB/c  system,  that  H-2  do  not 
function  as  tumor  rejection  antigens. 

3.  Unique  cross  reactivity  of  Meth  A  immunity 

We  continue  collaborative  studies  of  the  mechanisms  involved  of  the 
specific  Meth  A  immunugenicity  found  in  the  cells  of  an  M-MSV  (MuLV)- 
induced  BALB/c  sarcoma  (Appella,  Law,  Chang,  LCB  and  DeLeo  and  Old, 
Sloan-Kettering) .   It  was  found  originally  that  a  tissue-culture  passaged 
variant  of  the  neoplasm,  11A,  was  capable  of  absorbing  cytotoxicity  of 
the  specific  a-Meth  A  antiserum,  the  only  one  (except  Meth  A)  of 
more  than  100  neoplasms,  normal  tissues  and  viruses  capable  of  absorption. 
The  11A  variant  was  found  to  immunize  BALB/c  mice  in  a  specific  manner 
against  Meth  A  only.   The  11A  variant  is  a  virus  producer  line  but  in 
contrast  to  the  original  11A  tumor  line  (carried  in  vivo)  does  not 
contain  rescuable  MSV. 

A  B- tropic  virus  has  been  isolated  from  the  11A  variant  line.  This 
uncloned  virus  (HK-MuLV)  when  infecting  SC-1  cells  was  found  to  transmit 
specific  immunity  to  Meth  A.   HA-MuLV  was  cloned  by  twice  limiting 
dilutions  but  upon  infectivity  of  SC-1  cells  was  negative  in  specific 
immuno genie ity  assays  against  Meth  A  suggesting  that  HA-MuLV  represents 
a  minority  among  the  HA-MuLV  population  of  viruses.   Then,  SC-1  cells 
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were  infected  with  a  higher  multiplicity  of  virus  (sucrose-banded  virus) . 
The  infected  SC-1  cells  were  cloned  and  assayed  for  XC  reactivity  and 
for  their  ability  to  absorb  cytotoxic  a-Meth  A  antibody.   Among  the 
many  clones  assayed  and  those  showing  XC  (+)  reactivity,  about  20%  were 
positive  for  absorption.   Negative  XC  clones  showed  no  absorption.   Seven 
of  the  XC  (+) ,  absorption  (+)  clones  are  presently  being  assayed  for  Meth 
A  immunogenicity .   It  is  likely  that  HA-MuLV  serves  as  a  vector  of  Meth 
A  genetic  information.   The  molecular  basis  for  this  unusual  situation 
is  under  continued  study. 

4.   Tumor  antigens  of  leukemia  RBL-5 

Effort  in  the  past  year  in  this  area  has  been  concentrated  on 
identifying  and  characterizing  the  cell  surface  neoantigens  on  REL-5 
tumor  cells.   Particular  emphasis  has  been  placed  on  identifying  those 
antigens  that  a)  induce  tumor  rejection  activity  in  vivo  (TSTA) ,  b)  induce 
cytotoxic  T  lymphocytes  in  vitro ,  c)  are  recognized  in  a  C' -dependent 
cytotoxicity  assay  using  a  newly  developed  syngeneic  antiserum  (Alaba  and 
Law) . 

A)  Successful  induction  of  syngeneic  antiserum  using  as  immunogen 
purified  plasma  membrane  antigens  fractionated  on  gel  filtration  column. 
The  antiserum  obtained  was  shown  to  be  specific  for  RBL-5  cells.  No  other 
F,  M  or  R-MuLV-induced  leukemics  were  lysed.   The  only  other  tumor  lysed 
by  the  syngeneic  antiserum  is  a  chemically-induced  leukemia,  EL-4.   The 
exact  relationship  between  RBL-5  and  EL-4  is  presently  not  clear. 
Coupling  of  the  immunoglobulins  from  the  syngeneic  antiserum  to  Sepharose 
4B  facilitated  the  isolation  of  an  antigen  with  molecular  weights  of  46,000 
and  21,000  as  determined  by  SDS-PAGE.   This  antigen  also  protected  mice 
against  challenge  with  RBL-5  tumor  cells. 

B)  We  have  carefully  defined  the  parameters  of  generating  CTL  in  vitro 
with  solubilized  plasma  membrane  antigens  of  RBL-5  during  a  secondary 
stimulation.  We  have  further  shown  the  feasibility  of  inducing  CTL  with 
fractionated  tumor  antigen  and  the  reaction  was  determined  to  be  specific. 
The  details  of  this  study  are  to  be  found  in  a  manuscript  accepted  for 
publication  in  the  Journal  of  Immunology. 

C)  The  bulk  of  our  effort  in  the" past  year  was  devoted  to  the  bio- 
chemical isolation  of  the  TSTA.   Initially,  purification  was  carried  out 
using  purified  plasma  membranes  (PM)  of  RBL-5  tumor  cells  as  starting 
material.   Later  we  discovered  that  the  cytosol  of  RBL-5  cells  also 
contained  abundant  amounts  of  TSTA  as  with  Meth  A  and  CI-4.   The  purification 
steps  for  the  PM  isolated  antigen  included,  a)  gel  filtration  of  DOC-solu- 
bilized  PM  on  Ultrogel  AcA34.   b)  Lens  culinaris  lentil  lectin  affinity 
chromatography  and  subsequent  elution  of  bound  proteins  with  3%  a-methyl- 
mannoside.   c)  Isoelectric  focusing.   After  each  step  the  fractionated 
materials  were  tested  in  vivo  for  TSTA  activity.   In  the  last  step  of  attempted 
purification  (isoelectric  focusing)  the  active  TSTA  was  found  between  pH 


781 


Z01  CB  03200-11   LCBGY 

5.5  and  5.8.   SDS-PAGE  of  this  active  TSTA  fraction  yielded  3  bands  of 
molecular  weights  80,000,  46,000  and  21,000.   These  results  were  consis- 
tently obtained  with  at  least  6  different  plasma  membrane  preparations. 
Under  the  denaturing  conditions  of  SDS-PAGE,  3  polypeptides  could  be 
resolved  for  the  TSTA;  in  the  absence  of  SDS  (i.e.,  nondenaturing  condition), 
only  one  band  could  be  resolved.   This  suggests  that  the  three  polypeptides 
are  naturally  associated  in  a  complex.   Whether  these  proteins  are  the 
tumor  rejecting  antigen  remains  to  be  determined.   Recently  we  discovered 
that  abundant  amounts  of  TSTA  were  also  present  in  the  cytosol. 

D)   As  to  whether  the  TSTA  is  related  to  any  of  the  viral  structural 
proteins,  gp70,  p30,  pl5,  pl5E,  pl2  or  plO  is  a  subject  on  which  considerable 
amounts  of  time  have  been  devoted.   In  carrying  out  this  study,  RBL-5  tumor 
cells  were  metabolically  labeled  with   S-methionine.   Radioimmuno- 
precipitation  experiments  were  then  performed  using  goat  agp70,  goat  ap30, 
goat  aPl5,  goat  apl2,  goat  apl0>  mouse  monoclonal  aPl^E  and  syngeneic 
antiserum  to  RBL-5  tumor  antigen.   The  preliminary  results,  on  the  basis 
of  molecular  weights  of  immunoprecipitated  proteins,  would  seem  to  suggest 
that  the  46,000  and  21,000  molecular  weight  proteins  recognized  by  the 
syngeneic  antiserum  are  unrelated  to  viral  proteins. 

Continuing  studies  will  be  focused  upon: 

a)  The  unequivocal  determination  that  the  80,000,  46,000  and  21,000 
molecular  complex  is  the  TSTA.   This  will  entail  running  PAGE  under  non- 
denaturing  conditions,  slicing  out  the  single  band  and  then  testing  for 
TSTA  in  the  gel  slices,  b)  The  relationship  between  the  antigens  assayed 
as  TSTA,  the  antigens  capable  of  CTL  induction  in  vitro  and  the  antigen 
recognized  serologically  by  the  syngeneic  antiserum,  c)  the  relationship 
between  the  TSTA  found  on  the  membrane  and  the  TSTA  in  the  cytosol,  and 
d)  determine  optimal  conditions  for  Winn  assay  with  RBL-5  tumor  system 
and  then  to  use  this  assay  to  correlate  transplantation  assay  and  CTL- 
induction  assay. 

5.   Phenotypic  studies  of  cells  transfected  with  high  molecular  weight 
DNA  from  Meth  A  sarcoma  cells. 

We  have  initiated  a  cooperative  study  with  the  Sloan-Kettering  group 
(Drs.  DeLeo  and  Old)  and  with  Dr.  Nancy  Hopkins  (MIT  Cancer  Center) 
concerning  the  phenotypic  expression  of  Meth  A  specific  tumor  antigens  on 
BALB/3T3  cells  transfected  with  high  molecular  weight  DNA  from  Meth  A  cells. 
Numerous  clones  have  been  obtained  by  Dr.  Hopkins  that  upon  initial 
screening  by  the  Sloan-Kettering  group  are  capable  of  absorbing  cytotoxicity 
of  the  Meth  A  specific  antiserum.   Tumor  rejection  assays  have  been  per- 
formed on  numerous  transfected  clones,  and  appropriate  controls,  and  the 
preliminary  evidence  points  to  the  existence  of  TSTA  only  on  those  clones 
that  were  positive  for  Meth  A  absorption  (presumably  containing  Meth  A 
TSSA) .   These  experiments  are  now  being  repeated  along  with  specificity 
controls  and  further  studies  of  newly  transfected  cloned  BALB/3T3  cells. 
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Significance  for  Cancer  Research 

Characterization  of  tumor  antigens  of  the  rejection  type  is  a 
necessary  prerequisite  for  understanding  the  mechanisms  of  immune 
surveillance,  tumor  inhibition  and  facilitation.   In  addition  the  role 
of  these  membrane  bound  components  in  the  mechanisms  of  initiation  and 
maintenance  of  malignancy  will  be  studied. 

As  a  basis  for  any  study  of  membrane  bound  antigens  it  is  necessary 
to  study  the  nature  of  histocompatibility  antigens  and  their  relationship 
to  tumor  antigens.   Thus  our  emphasis  is  on  parallel  studies  of  H-2 
antigens  in  order  to  provide  a  basis  for  understanding  tumor  antigens. 

Objective  3;  Approaches  4,5. 
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Mouse  Immunoglobulins 

Mouse  IgA  47A  is  an  immunoglobulin  variant  whose  heavy  ( a  )  chain 
has  a  molecular  weight  of  40,000  vs .  53,000  for  normal  a  chains.   The 
amino  acid  sequence  of  the  47A  a  chain  showed  that  the  entire  u  3  domain 
was  missing.   Two  subsequent  projects  have  defined  the  deletion  further. 
The  mRNA  coding  for  the  47A  a  chain  was  isolated  and  characterized.   The 
size  of  the  cell-free  synthesized  product  was  the  same  as  that  of  the  secreted 
heavy  chain.   The  size  of  the  mRNA,  however,  was  the  same  as  that  of  the 
mRNA  coding  for  a  normal  a  heavy  chain.   These  data  showed  that  the  deletion 
in  the  47A  a  chain  is  not  due  to  a  post-translational  modification  or  to  a 
large  deletion  at  the  mRNA  level.   The  complete  amino  acid  sequence  of  a 
normal  mouse  a  chain  (M0PC511)  was  also  determined  and  compared  to  that  of 
the  47A  ct  chain.   The  sequence,  serine-glutamine,  at  the  COOH-terminus  of  the 
47A  a     chain  was  found  to  be  valine- threonine  in  the  511  a  chain.   These 
changes  in  the  47A  chain  and  the  deletion  of  C  3  domain  can  be  explained  by 
a  single  genetic  event,  namely,  a  frameshift  mutation  followed  by  premature 
chain  termination.   The  remainder  of  the  47A  constant  region,  including  the 
hinge  region,  is  identical  to  the  511  chain,  except  for  two  amino  acid 
changes  in  the  CI  domain.   These  amino  acid  changes  may  identify  subclasses 
of  mouse  IgA  which  arose  recently  or  could  be  due  to  somatic  mutations  which 
arose  during  the  generation  or  propagation  of  the  tumors.   Further  studies  on 
other  mouse  IgA  variants  will  define  such  amino  acid  substitutions. 

The  amino  acid  sequence  of  the  kappa  chain  variable  region  from  M0PC511 
has  been  determined.   This  light  chain  is  a  member  of  a  group  of  seven  murine 
phosphorylcholine  binding  proteins  of  which  only  one  other  protein 
(MOPC167)  appears  to  belong  to  the  same  group.   Comparison  of  the  variable 
region  amino  acid  sequence  of  these  two  proteins  revealed  ten  amino  acid 
interchanges  all  occurring  in  framework  regions.   All  substitutions  can  be 
accounted  for  by  single  nucleotide  changes.   The  best  interpretation  of 
these  data  is  that  167  and  511  light  chain  are  coded  by  separate  germ 
line  genes  and  that  the  mouse  kappa  system  may  consist  of  a  large  number  of 
germ  line  genes.   The  complete  amino  acid  sequence  of  the  kappa  chain 
variable  region  from  MOPC149  has  also  been  determined.   This  sequence  has 
been  compared  with  the  amino  acid  sequence  derived  from  the  nucleotide 
sequences  of  two  EcoRI  fragments  (K2  and  K3)  of  mouse  DNA.   Thia  comparison 
revealed  the  presence  of  13  to  18  amino  acid  differences,  which  were 
clustered  both  in  complementarity  determining  regions  and  framework  regions. 
When  the  probe  derived  from  149  light  chain  mRNA  was  hybridized  with  mouse 
genome  DNA,  6  to  8  different  bands  were  found.   These  results  raise  the 
possibility  that  a  set  of  genes  (6  to  8),  some  of  which  are  not  expressed, 
might  exist  in  the  mouse  genome  corresponding  to  each  of  many  groups 
identified  among  kappa  light  chains.   Since  there  are  about  55  groups  as 
defined  by  N-terminal  analysis  of  the  first  23  residues,  then  approximately 
330  germ  line  genes  (6  x  55)  encode  the  V  family.   Since  the  variable  region 
groups  represent  a  minimal  number,  the  genomic  DNA  of  the  mouse  probably 
has  a  somewhat  larger  number  of  variable  region  genes. 
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Histocompatibility  and  tumor-specific  antigens 

A  detergent-solubilized  form  of  H-2  has  been  purified  from  RBL-5 
tumor  cells.   The  purification  was  carried  out  by  deoxycholate  solubilization 
of  purified  plasma  membranes,  gel  filtration,  lens  culinaris  lectin  affinity 
chromatography  and  immunoadsorbent  on  a  sheep  anti-H-2   column.   The  product 
was  judged  to  be  greater  than  90%  pure  by  several  criteria  including  amino 
terminal  analysis  which  gave  a  unique  sequence  characteristic  of  the  mouse 
histocompatibility  heavy  chain.   Comparison  of  the  amino  acid  composition 
of  this  purified  H-2  with  the  composition  of  HLA  which  was  purified  also 
by  detergent  showed  a  high  degree  of  similarity.   The  size  of  the 
hydrophobic  COOH-terminal  fragment,  obtained  by  difference  from  the  amino 
acid  compositions  of  the  detergent-solubilized  and  papain-solubilized 
H-2  was  about  6000.   This  value  is  lower  than  that  calculated  for  HI A 
(10,000).   These  data  suggest  that  the  papain  cleavage  site  on  H-2 
purified  from  liver  is  different  from  the  cleavage  site  on  HLA  from 
lymphoblastoid  cells.   The  purification  of  the  papain  fragment  of  H-2  from 
liver  or  spleen  has  been  reported.   An  interesting  finding  which  has  been 
observed  for  different  haplotypes  (H-2  ,  H-2  ,  H-2  )  is  that  the  purified 
protein  is  invariably  devoid  of  the  H-2D  product.   This  suggests  that  papain 
sensitivity  may  be  a  property  of  the  H-2D  molecules  and  may  reflect  basic 
differences  in  the  structure  of  the  two  molecules.  Isolation  and  purification 
of  the  H-2K  molecule  showed  invariably  the  presence  of  two  forms  which  were 
separable  by  gel  filtration  on  Sephacryl  S200.   The  purified  heavy  chains  have 
identical  molecular  weights  but  differ  in  amino  acid  composition  primarily 
in  cysteine  content.   Further  analysis  by  peptide  mapping  should  locate 
the  areas  of  the  molecules  which  differ  and  give  a  better  understanding  of 
the  significance  of  the  two  forms.  The  mRNA  coding  for  the  mouse  histo- 
compatibility antigens  has  been  identified  by  cell  free  translation  followed 
by  immunoprecipitation  using  an  antiserum  directed  against  purified  H-2. 
The  cell  free  translation  products  which  have  a  molecular  weight  of  45,000 
and  44,500  represent  the  unglycosylated  forms  of  the  H-2  antigens.   They  are 
related  to  the  H-2  antigens  by  a  competition  experiment  with  purified  H-2 
and  by  tryptic  peptide  mapping.   The  amount  of  mRNA  present  in  the  liver, 
however,  is  very  small  compared  to  the  many  thousands  of  more  plentiful  mRNA 
molecules  all  engaged  in  making  proteins.   To  characterize  and  purify  the 
mRNAs  that  encode  these  H-2  antigens  will  be  a  formidable  task.   We  have 
taken  a  different  approach.   We  have  collected  relatively  large  amounts  of  a 
crude  mixture  of  liver  mRNA  which  was  shown  to  contain  this  mRNA  for  the 
H-2  antigens.   Then  by  using  reverse  transcription,  the  corresponding  DNA 
was  made  for  all  the  mRNA  molecules  including  at  least  some  H-2  mRNA. 
All  the  DNAs  were  inserted  into  a  plasmid  which  in  turn  serves  as  the 
vehicle  for  introducing  the  DNA  into  the  bacterium.   Then  it  became  a 
question  of  isolating  the  right  bacterium,  the  one  producing  H-2  antigens. 
The  approach  taken  is  to  hybridize  liver  poly(A+)  mRNA  which  contains 
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H-2  activity  to  DNA  extracted  from  individual  colonies  that  had  been 
immobilized  to  nitrocellulose  filters.  The  hybridization-selected  mRNA 
is  then  eluted  and  translated  in  a  cell-free  system  in  order  to  identify 
the  encoded  polypeptide.   By  this  process  of  selection  three  colonies  were 
identified,  out  of  1,500  screened,  which  were  positive  for  H-2  antigen. 
The  nucleotide  sequence  of  the  inserted  DNAs  which  consist  of  about  800 
nucleotides  is  being  carried  out  in  order  to  ascertain  definitively  the 
nature  of  these  clones.   The  availability  of  such  clones  will  permit  a 
study  of  the  molecular  organization  of  the  system  and  permit  a  better 
understanding  of  the  nature  of  the  extensive  polymorphism  at  the  H-2  loci. 
Another  approach  for  isolation  of  the  H-2  gene  is  the  use  of  a  synthetic 
deoxydecapentanucleotide  for  screening  libraries  of  genomic  DNA.   The  power 
of  this  approach  has  been  clearly  illustrated  by  the  isolation  of  globin 
genes.   It  remains  to  be  seen  if  this  method  will  apply  to  the  H-2  system. 

The  biochemical  events  responsible  for  transformation  of  normal  cells 
to  neoplastic  cells  have  not  been  defined.   An  important  question  which  has 
been  addressed  frequently  is  that,  if  obligatory  key  steps  are  involved, 
a  common  set  of  target  proteins  might  be  found  in  all  transformed  cells. 
We  have  described  the  preliminary  characterization  of  a  53,000  molecular 
weight  protein  (p53)  that  was  found  in  all  transformed  cells  of  the  mouse. 
To  determine  the  relationship  of  p53  antigen  detected  in  cells  transformed 
by  various  DNA  or  RNA  tumor  viruses   and  methylcholanthrene-induced  sarcomas 
we  have  compared  the  p53  antigens  by  two  dimensional  tryptic  peptide  analysis. 
The  tryptic  peptide  maps  of  p53  obtained  from  cells  transformed  by  SV40, 
polyoma  virus,  MSV  and  ASV  are  very  similar.   From  four  different  methyl- 
cholanthrene-induced sarcomas,  although  the  maps  of  p53  antigens  obtained 
are  generally  similar,  they  include  peptides  that  are  unique  to  each 
tumor.   These  differences  could  arise  in  many  different  ways.  There  could 
be  more  than  one  p53  locus  in  the  genome;  transcriptional  or  posttransla- 
tional  modification  as  well  as  mutational  events  could  result  in  different 
p53  products.  A  characteristic  feature  of  methylcholanthrene  induced  sarcoma 
is  the  presence  of  distinctive  antigens  on  the  surface  of  tumor  cells.  These 
antigens  are  highly  polymorphic  and  can  act  as  strong  transplantation 
antigens  (TATA)  in  syngeneic  hosts.  Recently  an  individually  distinctive 
tumor  specific  surface  antigen  (TSSA)  has  also  been  defined  for  a  methyl- 
cholanthrene induced  BALB/c  sarcoma  (Meth  A)  with  a  cytotoxic  antiserum 
prepared  in  (BALB/c  x  C57BL/6)F  mice.   An  important  question  therefore 
is  whether  the  individually  distinct  TSTAs  or  TSSAs  are  related  to  p53 . 
Recent  work  has  shown  that  TATA  activity  resides  on  both  the  plasma 
membrane  and  the  cytosol  of  the  cell  as  does  the  p53  activity.   The  TATA 
derived  from  both  these  systems  may  also  be  related  to  the  surface  antigen 
(TSSA)  since  the  most  enriched  TATA  fractions  also  inhibited  the  cyto- 
toxicity of  an  antiserum  against  meth  A.   Definitive  conclusions,  however, 
as  to  the  identity  of  TATA,  TSSA  and  p53  must  await  further  purification 
and  biochemical  characterization. 
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Epoxide  hydrase 

Hyperplastic  nodules  in  recent  years  have  received  major  attention 
as  possible  precursors  of  liver  cancer.   A  biochemical  marker  unique  to 
hyperplastic  nodules  could  prove  useful  to  study  early  changes  in  the 
liver  related  to  the  onset  of  cancer.   The  human  hepatic  microsomal 
epoxide  hydrase  has  been  purified  to  homogeneity.   This  enzyme  has 
recently  been  identified  by  several  laboratories  as  preneoplastic  antigen 
from  hyperplastic  nodules  of  rats  fed  carcinogen  containing  diets.  Studies 
are  currently  in  progress  to  determine  the  amino  and  carboxyl  terminal 
sequences  of  this  protein  and  relate  these  findings  to  the  rat  liver 
enzyme. 

Protein  chemistry 

Reversible  protection  and  cross-linking  of  amino  groups  in  peptides 
and  proteins  are  being  increasingly  applied  in  studies  of  primary,  tertiary 
and  quaternary  structure.   The  use  of  acetimidation  with  methyl  or  ethyl 
imidates  offers  a  number  of  advantages  over  the  urethane  type  protecting 
groups  used  in  synthesis  or  the  various  analogues  of  the  maleamido  function 
employed  in  protein  structure  studies.   These  advantages  are:  (1)  the 
derivatizing  reagent  is  freely  water  soluble,  (2)  the  derivatization  is 
highly  specific  for  amino  groups,  (3)  derivatized  peptides  retain  the 
positive  charges  of  the  original  amino  groups  which  minimizes  changes 
in  physical  and  biological  properties,  (4)  the  amidine  linkage  is  stable 
over  a  wide  range  of  experimental  conditions  including  very  low  pH,  (5) 
reaction  conditions  can  be  found  for  selectively  modifying  a-amino  over 
e  -amino  groups,  and  (6)  the  amidine  linkage  can  be  readily  displaced  by 
nucleophilic  agents  at  elevated  pH. 

The  cleavage  of  acetimidyl  groups  and  amidine  linkages  has  heretofore 
been  carried  out  in  slightly  buffered  (pH  11.5),  concentrated  ammonium 
hydroxide  solution.   We  have  discovered  that  this  operation  can  be  completed 
under  somewhat  less  harsh  conditions  by  using  a  more  nucleophilic  amine, 
namely,  methylamine.   Methylamine  buffers  can  be  used  for  the  rapid  and 
nearly  quantitative  removal  of  acetimidyl  groups  from  proteins.   The  half- 
life  for  displacement  of  acetimidyl  groups  in  3.44  M  methylamine-HCl 
buffer  at  pH  11.5  and  25°  was  30  min:  this  rate  is  25  times  faster  than 
that  found  in  an  ammonia-HCl  buffer  at  the  same  molar  concentration,  pH 
and  temperature.   Methylamine-formic  acid  buffers  yield  essentially  the 
same  kinetics  as  methylamine-HCl  solutions  and  can  be  removed  by 
lyophilization.   No  side  effects  of  reversible  acetimidation  on  the  primary 
structure  of  two  proteins  and  several  peptides  have  been  found.  Possible 
applications  include:  A)  reversible  blocking  of  lysine  chains  prior  to 
enzymatic  cleavages,  B)  uses  in  peptide  mapping  techniques,  particularly 
in  reversible  radiolabeling,  C)  reversible  cross-linking  of  protein 
structures  with  Bis  (imidoesters)  in  studies  of  protein  structure,  multi- 
meric  proteins  and  membrane  topography. 
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Major  Findings: 

1.   Intracisternal  A  particles.   In  our  ongoing  analysis  of  the  events 
associated  with  the  replication  of  intracisternal  A  particles  (IAP) ,  a  number 
of  biochemical  markers  have  been  studied.   It  had  been  previously  determined 
that  RNA  tumor  viruses  of  several  types,  including  both  avian  and  mammalian 
species,  contained  N  -  guanine  RNA  methylase.   Since  IAP  are  genetically 
related  to  an  endogenous  retrovirus  of  the  Mus  cervicolor  strain  of  mouse, 
and  share  several  common  biochemical  properties  of  retroviruses,  they  were 
examined  for  the  presence  of  N  -  guanine  RNA  methylase  to  further  test  the 
assumption  that  the  enzyme  might  be  specific  for  this  class  of  viruses. 

The  results  indicated  that  instead  of  a  single  methylase,  six  methylases 
were  associated  with  IAP,  a  cytidine  and  uridine  methylase,  two  N  -guanine 
monomethylases,  an  N  ,N  -dimethylguanine  methylase  and  an  adenine  methylase. 
When  E.  coli  tRNAPne  was  used  as  an  acceptor  RNA,  these  enzymes  were 
indistinguishable  from  cellular  enzymes.   However,  the  specific  activity  of 
the  IAP  core-associated  methylases  increased  two-fold  as  compared  to  the 
methylases  of  the  intact  particles.   These  results  indicated  that  the  enzymes 
were  associated  with  the  internal  structure  and  not  simply  adherent  to  the 
envelope  surface,  implying  that  they  are  packaged  during  the  synthesis  of  IAP. 
These  data  support  our  earlier  observations  which  revealed  that  IAP  in  the 
purified  state  contain  several  species  of  ribosomal  RNA  in  addition  to  the 
high  molecular  weight  RNA  which  is  particle-specific. 

IAP  are  thus  similar  to  retroviruses  in  that  reverse  transcriptase  is 
the  only  known  enzyme  not  of  cellular  origin.   The  results  from  the  RNA 
methylase  experiments  are  reminiscent  of  those  seen  with  non-oncogenic  viruses 
which  bud  from  the  cellular  membrane  and  in  which  cellular  actin  is 
incorporated  during  the  budding  process.   In  all  these  model  systems  studied 
thus  far,  the  role  of  the  cellular  enzymes  in  the  virus  life  cycle  largely 
remains  to  be  determined.   Yet  there  is  at  least  one  precedent  for  cellular 
components  being  related  to  viral  infection.   A  specific  cellular  tRNA  is 
intimately  associated  with  the  viral  70S  RNA  of  Rous  sarcoma  virus  and  avian 
myeloblastosis  virus,  and  this  particular  tRNA  is  an  effective  primer  of 
viral  DNA  in  vitro. 

Recent  studies  have  been  aimed  at  determining  if  IAP  can  be  transmitted 
by  DNA  transfection  techniques.   DNA  was  extracted  from  BALB/c  mammary  tumor 
cells  chronically  infected  with  IAP  and  used  to  treat  pheno typically  negative 
cells.   Rather  than  looking  for  transformation,  IAP  phenotypic  expression  was 
evaluated.   Preliminary  results  suggest  that  transfection  of  IAP  may  be 
possible  at  a  low  level  of  efficiency.   There  is  a  minimal  increase  in  the 
level  of  IAP-specific  mRNA  and  no  increase  in  the  copy  number  of  IAP-specific 
DNA  sequences  in  the  treated  cells.   This  indicates  that  gene  amplification 
is  not  a  feature  of  DNA  transfection  in  this  system.   The  marked  inefficiency 
seen  with  this  technique  reflects,  in  part,  a  lack  of  horizontal  spread  by 
IAP,  which  are  not  released  from  the  cell.   The  success  of  transfection  in 
most  viruses  is  dependent  on  the  development  of  foci  of  secondary  infection 
with  associated  horizontal  spread. 
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2.   Effect  of  interferon  on  murine  retroviruses.   Most  of  the  studies 
in  this  system  are  being  done  with  Dr.  Paula  Pitha  and  reflect  a  continuing 
interest  in  the  molecular  mechanisms  which  account  for  the  effect  of 
interferon  on  retroviruses.   In  the  case  of  most  viruses,  interferon  causes 
an  impaired  mRNA  translation  with  resulting  defects  in  viral  structural 
proteins.   However,  the  effects  of  interferon  on  retroviruses  occur  after 
the  synthesis  of  viral  RNA  and  most  of  the  structural  proteins.  Further, 
this  interference  with  the  late  stages  of  virus  assembly  and  maturation  is 
dependent  on  the  continuous  presence  of  interferon;  when  interferon  is  removed 
from  an  ir>_  vitro  system  there  is  an  almost  complete  recovery  of  infectious 
virus  titer  within  18-24  hours.   With  both  Gross  and  Rauscher  murine  leukemia 
virus  (MuLV) ,  the  noninfectious  particles  produced  in  the  presence  of 
interferon  shew  no  detectable  ultrastructural  alteration.   The  stage  at  which 
virus  assembly  is  impeded  is  correlated  with  the  type  of  host  cell  used  for 
propagation.   With  cloned  AKR  cells  there  is  an  arrest  at  the  budding  stage, 
and  with  SC-1  cells  there  is  a  failure  of  formed  virions  to  be  released  from 
the  plasma  membrane. 

Recently  we  have  studied  the  effects  of  interferon  treatment  of  JLSV-6 
cells  chronically  infected  with  Rauscher  MuLV.   The  noninfectious  particles 
contain  the  structural  proteins  of  the  gag  and  env  genes  (p30  and  gp71) ,  but 
in  addition  there  are  85K  and  65K  dalton  polypeptides  not  seen  in  the  untreated 
virus.   The  85K  protein  contains  glucosamine  but  is  deficient  in  fucose, 
suggesting  that  it  might  be  a  precursor  of  gp71.   However,  the  85K  polypeptide 
was  not  efficiently  recognized  by  gp71  antiserum  nor  was  the  65K  polypeptide 
recognized  by  p30  antiserum.   Yet  an  antiserum  against  whole  virions 
detected  both  85K  and  65K  proteins.   To  assess  the  possibility  that  these 
proteins  might  be  of  cellular  origin,  the  whole  virion  antiserum  was 
absorbed  with  uninfected  cells  prior  to  testing;  this  procedure  did  not 
diminish  the  capacity  of  the  antiserum  to  precipitate  both  the  85K  and  65K 
species.   Thus  one  interpretation  of  these  results  would  suggest  that  there 
has  been  an  interferon- induced  post  transcriptional  modification  of  the  env 
and  gag  gene  products,  causing  an  alteration  in  antigenicity.   Current 
efforts  are  directed  toward  identification  of  these  proteins  by  fingerprinting 
and  partial  digest  analysis;  this  should  help  to  confirm  their  relationship 
to  env  pr85  and  gag  pr65.   It  is  quite  possible  that  interferon  decreases  the 
rate  of  proteolytic  cleavage  during  the  late  stages  of  retrovirus  assembly, 
with  the  result  that  high  molecular  weight  polyprotein  precursors  are 
incorporated  into  the  virions. 

The  most  recent  experiments  with  a  new  class  of  murine  retrovirus,  MCF 
virus,  further  suggest  that  interferon  exhibits  different  modes  of  action 
during  late  stage  assembly.   MCF  virus  is  apparently  an  env  gene  recombinant 
of  ecotropic  and  xenotropic  viruses  endogenous  to  the  AKR  mouse.   One  of  its 
characteristics  is  a  slow  rate  of  processing  of  the  pr76  env  precursor  to 
gp71,  as  compared  to  the  ecotropic  viruses.   When  MCF  virus  is  treated  with 
interferon,  there  is  a  decrease  in  infectious  titer  of  approximately  two  logs, 
but  kinetic  studies  indicate  that  the  rate  of  processing  of  pr76  to  gp71  is 
accelerated.   In  this  instance  the  decrease  in  infectious  virus  cannot  be 
related  to  an  impaired  rate  of  proteolytic  cleavage.   It  is  more  likely  that 
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there  has  been  a  modulation  of  gp71  and  current  efforts  are  directed  toward 
the  purification  and  comparison  of  this  protein  in  the  control  and  treated 
virions. 

3.   Retrovirus  associated  with  FBL-3  cells.   In  a  collaborative  project 
with  Dr.  C.C.  Ting,  it  was  determined  that  a  retrovirus  associated  with 
FBL-3  cells  may  exert  an  immunosuppressive  effect,  as  measured  by  various 
in  vitro  assays.   The  studies  done  to  characterize  this  virus  revealed  some 
unusual  properties,  particularly  from  the  standpoint  of  morphology  and 
biological  competence. 

As  a  class  of  viruses,  the  retroviruses  (type  C  particles)  often  show 
an  almost  characteristic  divergency  between  their  ultrastructural  appearance 
and  the  ability  to  replicate  or  cause  transformation  of  cells.   It  is  well 
documented,  particularly  in  the  mouse  model,  that  replicating  virus  can  be 
identified  in  such  diverse  organs  as  the  thymus,  spleen  and  pancreas  without 
causing  overt  disease;  these  particles  are  structurally  indistinguishable 
from  the  particles  of  the  most  virulent  strains  of  virus  such  as  AKR  which 
is  responsible  for  a  high  incidence  of  lymphoma.   Up  to  now  there  have  been 
only  two  reports  showing  a  direct  correlation  between  structural  configuration 
and  biological  activity.   One,  Friend  IluLV  attenuates  in  tissue  culture  with 
the  result  that  the  virus  produced  ^n  vitro  seldom  induces  disease  in 
susceptible  mice.   About  80%  of  the  virus  particles  produced  in  tissue 
culture  are  of  the  immature  type  (having  an  electron  lucent  core)  while 
less  than  20%  of  the  particles  isolated  from  mouse  serum  are  immature. 
Second,  readily  detectable  alterations  of  virion  morphology  have  been  seen 
in  temperature-sensitive  mutants  of  Rauscher  MuLV  when  observed  at  the  non- 
permissive  temperature. 

The  retrovirus  associated  with  FBL-3  cells  represents  the  third  instance 
in  which  a  largely  replication  defective  virus  shows  marked  changes  in  the 
ribonucleoprotein  core.   In  almost  every  particle  there  are  bizarre 
distortions  of  the  electron  dense  core  with  multiple  convolutions  and 
irregular  deletions.   In  vitro  studies  revealed  that  these  virions  are 
readily  released  from  infected  cells,  i.e.,  there  are  significant  levels 
of  reverse  transcriptase  in  the  tissue  culture  fluid.  When  such  virions 
are  assayed  by  the  X-C  test,  there  is  a  low  titer,  less  than  2  logs  pfu/ml, 
indicating  a  low  particle  to  infectivity  ratio.   Thus  the  RBL-3  associated 
virus  is  morphologically  aberrant,  mostly  replication-defective,  and  has 
a  defect  which  occurs  during  a  late  stage  of  assembly  following  the 
completion  of  budding  and  involving  the  condensation  of  the  core. 
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mal tissues.  Two  experimental  model  systems  were  used  in  this  project:  (1)  Intra- 


cisternal  A  particle  (LAP)  containing  neoplasms,  a  BALB/c  mammary  tumor  cell  line 


its  hybrid  and  cybrid  clones,  a  plasma  cell  tumor  (MCPC104E) ,  and  feral  mouse 
cell  lines  of  both  Mus  mus cuius  and  Mus  cervicolor ;  and  (2)  two  rat  leukemia 
(helper)  viruses,  a)  KSV(RHHV) ,  a  transforming  rat  virus  isolated  in  this 
laboratory  and  b)  WR-RaLV,  a  wild  rat  tumor  virus   isolated  from  a  wild  rat 
carcinoma  induced  by  3-methylcholanthrene.  Multidisciplinary  approaches  were 
required  in  this  investigation.  They  involve  nucleic  acid  and  protein 
chemistry,  tissue  culture,  cytogenetics,  immunology  and  tumor  biology.  Since 
we  have  completed  extensive  characterizations  morphologically,  biologically, 
biochemically  and  immunologically  of  these  retraviruses ,  our  current 
emphasis  of  research  efforts  focuses  on:  (1)  integrations  of  horizontally  trans- 
ferred viral  genome  and  its  localization  in  the  host  cell;  (2)  regulation  of 
viral  gene  expressions;  (3)  integration  site(s)  for  exogenous  viral  DNA  sequences 
■aed — (4)  mapping  of  a  viral genome 
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Major  Findings: 

( 1 )  The  integration  of  horizon tally  transferred  viral  genome  and  its 
localization  in  the  host  cell  and  (2)  regulation  of  viral  gene  expressions 

Intracisternal  A  particles  (IAP) ,  Retroviridae,  are  distinctive  in  that 
they  are  confined  to  cytoplasmic  cisternae  of  various  tumor  cells  (myeloma 
mammary  tumor,  neuroblastoma,  rhabdomyosarcoma,  and  yolk  sac  carcinoma),  em- 
bryonic cells,  and  rarely  in  normal  adult  cells.  When  isolated  and  purified 
from  murine  turners,  they  have  never  been  shown  to  be  infective.  We  have  in 
the  past  cultivated-  mouse  cell  lines,  which  were  negative  for  the  IAP  pheno- 
type,  with  whole  cells,  subcellular  fractions  and  purified  IAP  without  suc- 
cessful stimulation  of  IAP  production  in  these  negative  recipient  cells.  The 
lack  of  infectivity  of  isolated,  purified  IAP  may  reflect  impaired  entry  and 
uncoating  within  the  host  cell;  additionally,  the  potential  infective  capa- 
city of  IAP  is  significantly  compromised  by  an  isolation  procedure  which 
requires  detergent  treatment.  Until  now,  horizontal  transfer  of  IAP  could 
only  be  demonstrated  by  fusion  of  IAP-positive  cytoplasts,  derived  from 
mammary  tumor  cells  (MT) ,  with  IAP-negative  recipient  cells.  In  this  model 
for  horizontal  transfer  of  the  IAP  genome,  we  have  used  as  the  IAP  donor, 
a  continuous  cell  line  established  in  this  laboratory  and  derived  from  a 
BALB/c  mammary  tumor.  As  recipients,  two  pheno typically  negative  cell  lines 
were  used,  3T3-4EF  cells  (NIH  Swiss)  and  the  II6C  clone  of  SC-1  cells  (feral) 
Mammary  tumor  whole  cells  or  cytoplasms  (enucleated  cells)  were  fused  to 
these  lines.  The  resulting  hybrids  and  cybrids  have  previously  been  well 
characterized.  The  purpose  of  this  study  is  to  define  more  precisely  the 
mechanisms  of  IAP  phenotypic  transfer  and  in  particular  to  determine  whether 
.IAP-specific  DNA  sequences  already  exist  in  these  recipient  cells  or 
whether  such  DNA  sequences  are  integrated  de_  novo  as  a  result  of  the  fusion 
process. 

Using  a  radioactive  cDNA  probe  synthesized  by  the  endogenous  reverse 
transcriptase  reaction  of  MT  IAP  for  DNA-DNA  hybridization,  the  numbers  of 
copies  of  IAP-specific  DNA  sequences  in  the  parent  cells  and  their  related 
cybrids  and  hybrids,  have  been  determined.  Based  on  these  observations,  two 
"mechanisms  were  proposed  for  IAP  expression  in  the  cybrid  cells  which  were 
formed  by  the  fusion  of  IAP-positive  cytoplasts  with  IAP-negative  cells. 

First,  one  pheno typically  negative  recipient  cell  line,  3T3-4EF,  had 
only  1-2  copies  of  IAP-specific  DNA  sequences  per  haploid  genome  prior  to 
fusion.  When  this  line  was  fused  to  MT  cytoplasts  containing  IAP,  the 
resulting  cybrid  cells  were  found  to  have  about  10  copies  of  IAP-specific 
DNA  sequences,  localized  in  the  nuclear  DNA.  Thus  the  continuous  replica- 
tion of  IAP  in  the  MT  x  3T3-4EF  cybrids  was  associated  with  an  increase  in 
the  number  of  IAP-specific  DNA  sequences  in  the  cell  genome. 

Secondly,  the  expression  of  IAP  also  seems  to  come  under  the  control 
of  a  regulator  gene.  In  another  pheno typically  negative  recipient  cell 
line,  II6C,  which  had  about  4  copies  of  IAP-specific  DNA  sequences  per 
haploid  genome  prior  to  fusion,  there  was  no  demonstrable  increase  in  the 

798 


Z01  CB  04834-04   LCBGY 

copy  number  following  fusion  with  MT  cytoplast.   The  turn-on,  continuous 
and  nonsegregated  expression  of  TAP  in  the  resultant  cybrids  could  only  be 
explained  by  the  activation  of  the  regulator  gene  existing  in  II6C  cells, 
which  became  derepressed  by  a  factor  transferred  from  the  MT  cytoplast. 

( 3 )  Integration  site(s)  for  exogenous  viral  DNA  sequences  by  restriction 
endonuclease  analyses 

Earlier  using  liquid  hybridization  method  we  found  that  there  is  an  upper 
limit  of  the  number  of  IAP-specific  sequences  that  can  be  incorporated  into 
the  cellular  genome.   The  maximal  number  of  exogenous  viral  genomes  that  may 
be  integrated  may  differ  according  to  the  cell  line  and  is  also  dependent 
on  the  number  of  pre-existing  copies  at  the  time  of  integration. 

A  more  sophisticated  and  direct  approach  to  the  problem  of  integration 
sites  for  exogenous  viral  DNA  sequences  in  host  cell  genome  was  pursued 
using  a  combination  of  restriction  enzyme  analyses  on  the  DNA,  isolated 
and  purified  from  KSV(RHHV)  transformed  Fisher  embryonic  cells,  wild 
rat  tumor  cells  and  other  rat  cells,  agarose  gel  electrophoresis, 
Southern  blot  transfer,  and  DNA-DNA  hybridization  with  the  viral  cDNA 
labeled  in   P.   This  particular  approach  also  yields  information  on  the 
physical  mapping  of  the  viral  specific  DNA  sequences  within  the  host  cell 
genome.   Earlier,  using  an  endogenous  reverse  transcription  generated 
cDNA  of  KSV(RHHV)  we  found  a  basal  level,  2-3  copies  per  haploid  genome, 
of  DNA  sequences  homologous  to  this  viral  cDNA  in  both  normal  Fischer  rat 
liver  and  embryonic  cells,  and  also  in  the  parental  cells,  K-NRK  and  HTC-H1 . 
Viral  transformed  cells  and  tumor  transplants  demonstrated  multiple 
copies  of  viral  cDNA  sequences  (10  per  haploid  genome) .   By  restriction 
endonuclease  analysis  with  Eco  RI  we  demonstrated  the  integration  of  viral 
specific  DNA  sequences  in  rather  specific  host  cell  DNA  fragments.   The 
Eco  RI  digested  host  cell  DNA  was  first  fractionated  using  reverse  phase 
V  high  pressure  column  chromatography.   The  DNA  fragments  separated  into 
50  or  more  fractions  were  then  concentrated  and  electrophorized  in  (0.7%) 
agarose  gel  at  neutral  pH.   4f,ter  Southern  blot  transfer  the  nitrocellulose 
filter  is  hybridized  with  a   P-labeled  viral  cDNA  probe  at  10   cpm  per 
sample.   The  fractionated  DNA  on  the  nitrocellulose  filter  showed  only 
one  fraction  that  possessed  homology  when  hybridized  with  the   P-labeled 
cDNA  prepared  from  WR-RaLV  (wild  rat  leukemia  virus) .   In  essence,  by 
using  the  RPC-V  chromatography,  the  WR-RaLV-specif ic  DNA  sequences  were 
concentrated  and  purified  at  least  50-fold  from  the  rest  of  the  cellular 
DNA.  The  fragment  has  a  size  of  8.4  kbp  and  represents  the  total  amount 
integrated. 

(4)  Genomic  DNA  sequence  of  rat  leukemia  (helper)  virus 

32 

KSV(RHHV) -specific   P-labeled  cDNA,  on  the  other  hand,  hybridized 

with  two  to  four  fractions  of  the  Eco  RI  endonuclease  digested  DNA 
fragments  prepared  from  either  H/K-l  tumor  or  KSV(RHHV)/FEC  cells.   The 
purification  and  concentration  efficiency  in  this  case  is  approximately 
20-fold.   KSV(RHHV)  specific  DNA  sequences  are  integrated  in  DNA  fragments 
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of  19.0,  8.4,  6.6,  5.0,  3.6,  2.65,  2.1,  1.65,  1.53  kilobases.  Repetitive 
sequences  seemed  to  be  localized  at  one  particular  fragment,  which  is 
being  analyzed  in  greater  detail.  Internal  integration  sites  were 
revealed  by  secondary  digestions  with  other  restriction  endonucleases 
such  as  Hpa  II  and  Fst.   On  the  other  hand  Bam  HI  and  Hind  III  did  not 
attack  the  transformed  cell  DNA  at  all.   Incomplete  as  they  are,  our  data 
corroborate  well  with  the  earlier  results  obtained  by  DNA- DNA  hybridization 
kinetic  studies. 

( 4 )  Restriction  enzyme  mapping  of  rat  leukemia  virus  specific  DNA 
sequences 

A  discrete  band  of  8.6  kbp  proviral  DNA  was  detected  in  the  purified 
and  concentrated  Hirt  supernatant  DNA  prepared  from  KSV(RHHV) /FEC  cells 
20  hours  postinfection.   This  represents  only  the  RHHV-specif ic  proviral 
DNA.   Proviral  DNA  sequences  specific  for  KSV  were  not  detectable  in 
these  preparations.   The  proviral  DNA  sequences  for  WR-RaLV  were  detected 
in  a  discrete  band  measuring  8.0  kbp.   Since  EcoRI  did  not  seem  to  change 
the  configuration  of  the  proviral  DNA  of  both  these  rat  viruses,  these 
DNA  sequences  were  probably  isolated  in  linear  form.   Various  restriction 
endonucleases  were  used  to  analyze  the  isolated  RHHV-specif ic  DNA  sequences. 
A  preliminary  physical  map  is  presented  below  as  a  first  step  towards 
the  understanding  of  the  molecular  constitution  of  a  rat  leukemia  or  helper 
virus.   Currently  we  are  concentrating  our  efforts  in  the  nucleotide 
sequence  analysis  of  the  genomic  DNA  of  these  two  rat  leukemia  viruses. 
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Abelson  tumor)  and  amphotropic  viruses  (isolated  from  RBL-5  and  YAC  tumors) . 
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Project  Description: 

I.  Further  study  of  the  role  of  a  B-tropic  virus  (HA-MuLV)  isolated 
from  an  11A  variant  cell  line  in  transmitting  immunity  against  Meth  A  tumor. 
Previous  study  has  demonstrated  the  ability  of  an  uncloned  B-tropic  HA-MuLV 
to  induce  production  in  SC-1  cells  of  antigen (s)  which  can  absorb  in  vitro 
cytotoxic  antibody  and  induce  ±n   vivo  resistance  against  the  methyl- 
cholanthrene-induced  tumor  (Meth  A) .   This  ability  appears  to  be  unique  for 
HA-MuLV  since  another  B-tropic  virus  (Stansly-MuLV)  did  not  induce  these 

in  vitro  and  in  vivo  expression  of  Meth  A  related  antigen(s)  in  SC-1  cells. 
Now,  the  HA-MuLV  has  been  cloned  twice  by  limiting  dilution  procedures  using 
XC  test  for  endpoint  infectivity  titrations.   The  clone-purified  virus,  which 
represents  the  majority  of  HA-MuLV  populations,  was  again  propagated  in 
SC-1  cells,  which  were  then  used  for  in  vitro  cytotoxic  antibody  absorption 
test  and  in  vivo  transplantation  resistance  test  against  Meth  A  tumor.   The 
results  were  negative,  suggesting  the  possibility  that  the  virus  that  can 
induce  these  abilities  in  SC-1  cells  may  be  among  the  minority  of  HA-MuLV 
population.   To  test  this,  SC-1  cells  were  infected  with  a  relatively  higher 
multiplicity  of  virus  obtained  from  the  culture  filtrate  of  11A  variant 
cells  or  sucrose-gradient  banded  virus  (uncloned) .   The  infected  SC-1  cells 
were  subsequently  cloned  and  tested  for  XC  reaction  and  ability  to  absorb 
the  cytotoxic  antibody.   Among  the  clones  showing  XC(+)  reaction,  only 
about  20%  showed  a  positive  absorption  test,  while  all  SC(-)  clones  showed 
no  absorption.   The  ability  of  these  clones  to  induce  transplantation 
immunity  in  vivo  against  Meth  A  tumor  is  being  investigated. 

The  possible  role  of  murine  sarcoma  virus  (MSV)  genome  in  the  above 
reactions  is  not  clear,  since  the  presence  of  MSV  genome  in  11A  variant 
cells  producing  B-tropic  virus  could  not  be  demonstrated,  even  with  super- 
infection of  11A  variant  cells  with  amphotropic  virus  to  rescue  MSV.  Similar 
MSV  rescue  attempts  by  superinfection  of  11A  original  nonproducer  cells,  11A 
tumor  line,  and  Aarronson's  original  MSV-BALB/3T3  nonproducer  cell  lines 
with  Rauscher-MuLV,  HA-MuLV,  Dl-MuLV,  and  amphotropic  virus  resulted  in 
good  yields  of  MSV.   Therefore,  11A  variant  cell  may  not  bear  rescuable 
MSV  genome.   However,  no  matter  what  the  origin  of  11A  variant  cells  may  be, 
the  ability  of  the  HA-MuLV  to  induce  these  activities  in  SC-1  cells  is  of 
unique  and  primary  importance  since  this  HA-MuLV  represents  the  vector  for 
transmission  of  genes  responsible  for  Meth  A  transplantation  antigen,  the 
molecular  basis  of  which  has  been  under  intensive  investigation. 

II.  Isolation  and  characterization  of  a  novel  dual- tropic  virus  with 
B-tropic  and  xeno tropic  properties. 

From  virus  stocks  of  Stansly-MuLV  and  El-MuLV  (Chang  et  al.  J. N.C.I. 
54:83-87,  1975)  we  have  isolated  by  cloning  procedures  a  dual- tropic 
virus  exhibiting  B-tropic  and  xenotropic  properties.   All  dual- tropic 
viruses  reported  by  others  exhibit  either  N-  or  NB-tropism  in  addition  to 
xenotropism  but  no  such  virus  showing  B-tropism  as  well  as  xenotropism  has 
been  isolated  previously.   The  new  isolates  are  designated  Stansly-MuLV- 
BX  and  El-MuLV-BX  respectively.   These  viruses  are  XC(-)  as  are  other  dual- 
tropic  viruses.   MSV  pseudotypes  of  these  viruses  have  been  prepared  by 
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replicating  in  S  L  Mink  or  81  (S  L   feline  embryo)  cells,  and  used  in 
interference  assays.   The  viral  interference  pattern  indicated  that  these 
BX  viruses  belong  to  the  group  of  dual-tropic  viruses  including  MCF 
(Hartley  et  al.),  HIX  (Fischinger  et  al.)  and  NBX  (Chang  and  Log)  viruses. 
Specific  antiserum  against  these  viruses  are  being  prepared  by  immunization 
of  rabbits.   The  host  range  properties  and  interference  patterns  suggested 
that  these  BX  viruses  are  envelope  gene  recombinants  between  a  B-tropic  virus 
and  a  xenotropic  virus.   This  hypothesis  will  be  further  tested  in 
neutralization  assays  and  radioimmune  assays.   The  possibility  of  recom- 
binational  events  occurring  in  other  genes  such  as  gag  and  pol  will  be 
examined.   The  presence  of  BX  virus  is  interesting  by  itself  in  view  of  the 
current  theory  that  B-tropic  virus  has  probably  arisen  by  recombination 
between  a  xenotropic  virus  and  an  N-tropic  virus,  the  former  providing  a 
gag  gene  and  the  latter  contributing  other  as  yet  undefined  portion  of  its 
genome.   Analysis  of  these  recombinant  viruses  by  genetic  and  immuno- 
biochemical  methods  will  throw  light  on  the  origin  and  genesis  of  the 
naturally  occurring  endogenous  retroviruses. 

III.  Clonal  purification  and  further  characterization  of  xenotropic 
viruses  (isolated  from  SJL/J  mice  and  Abelson  tumor  of  BALB/c  mice) ,  a 
dual-tropic  virus  (isolated  from  Abelson  tumor)  and  amphotropic  viruses 
(isolated  from  RBL-5  and  YAC  tumors) 

These  viruses  have  been  purified  by  clonal  isolation  and  are  being 
characterized  further  by  biochemical  and  radioimmunoassays,  the  results  of 
which  are  not  available  yet.   However,  the  results  of  p30  tryptic  peptide 
map  studies  indicated  that  YACNX  (isolated  from  YAC  cells)  manifested  a 
similar  peptide  map  as  that  of  some  strains  of  wild  mouse  amphotropic  virus, 
but  R5NX  (isolated  from  RBL-5  cells)  showed  a  different  pattern,  more 
related  to  that  of  AKR  virus,  despite  the  fact  that  both  YACNX  and  R5NX 
behaved  as  amphotropic  virus  in  viral  interference  and  neutralization  assays. 
These  results  support  the  notion  that  these  virus  isolated  are  not  derived 
from  contamination  of  these  cells  with  the  wild  mouse  amphotropic  virus, 
and  indicate  the  heterogeneity  of  amphotropic  viruses  and  a  possibility  of 
gene  contribution  from  the  endogenous  AKR-like  viruses. 

IV.  Further  studies  on  the  natural  killer  (NK)  cell  activity  associated 
with  reticulum  cell  neoplasms  (RCNs)  of  SJL/J  mice. 

The  marked  NK  activity  associated  with  transplantable  RCN  of  SJL/J 
mice  has  been  published.   The  NK  activity  associated  with  spontaneous  RCN 
of  SJL/J  mice  has  not  been  well  characterized  because  old  mice  carrying 
spontaneous  RCN  are  not  easily  available.   We  have  kept  testing  such 
spontaneous  RCNs  as  they  become  available  and  accumulated  enough  data  to 
draw  some  conclusions.   The  target  cells  susceptible  to  the  cytotoxic 
effector  cells  derived  from  spleens  and  lymph  nodes  of  SJL/J  mice  bearing 
spontaneous  RCN  in  these  organs  were  D2,  EL4G  and  YAC  cells,  whereas  RBL-3 
cells  (susceptible  to  NK  activity  associated  with  transplanted  RCN)  were 
not.   The  susceptibility  of  D2,  a  cultured  line  of  syngeneic  SJL/J  lymphoma 
cells,  was  consistently  observed  with  the  effector  cells  associated  with 
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spontaneous  RCN.   However,  no  such  susceptibility  was  observed  with  the 
transplantable  RCN  lines.   The  NK  activity  associated  with  the  spontaneous 
RCN  was  not  diminished  by  removal  of  macrophages  or  nylon  wool  adherent 
cells  from  the  effector  cell  population.   Treatment  of  the  effector  cells 
with  anti-Thy  1.2  serum  plus  complement  decreased  the  cytotoxic  activity  by 
60%.   This  is  in  agreement  with  the  previous  findings  of  partial  expression 
of  Thy  1.2  antigen  in  murine  NK  cells.   The  presence  of  immune  cytotoxic  T 
cells  in  the  effector  cell  population  cannot  be  completely  ruled  out,  but  it 
has  been  our  experience  and  also  of  others  that  SJL/J  mice  hardly  generate 
any  cytotoxic  T  cells  against  RCN  or  D2  cells  by  repeated  immunization 
procedures.   The  significance  of  NK  cells  in  these  spontaneous  RCN  of  SJL/J 
mice  in  terms  of  tumor  surveillance  and  immunity  needs  further  investigation. 

V.  Immunopotentiating  effect  of  a  glucan  (Lentinan)  on  viral  infections 
and  virus-induced  tumor  transplantation  resistance 

There  is  accumulating  evidence  on  the  •immunopotentiating  effect  of 
6(1  -K3)  glucans,  isolated  from  yeast,  mushroom  and  other  natural  products. 
These  effects  include  activation  of  macrophages  and  alternative  complement 
pathway,  augmentation  of  helper  T  cells  as  well  as  generation  of  cytotoxic 
T  cells,  and  induction  of  interferons.   It  has  been  claimed  to  have  antiviral 
effect  against  murine  hepatitis  virus  (Williams  and  DiLinzio,  Science  208: 
67-69,  1980)  and  anti-tumor  effects  (Hamuro  et  al .  Immunol.  34:  695-705, 
1978).   We  have  undertaken  a  study  of  the  effect  of  Lentinan,  one  of 
8(1  -+3)    glucans,  on  viral  infections  and  virus-induced  tumors  in  mice,  and 
its  possible  effect  on  the  NK  activity  associated  with  the  RCN  of  SJL/J 
mice.   Our  preliminary  data  indicate  that  daily  i.p.  injection  of  Lentinan 
(20Pg/mouse)  significantly  reduced  the  mortality  (due  to  encephalitis)  of 
mice  caused  by  intranasal  infection  with  vesicular  stomatitis  virus.   The 
Lentinan  treatment  also  reduced  the  size  of  tumors  induced  by  transplantation 
of  Abelson-virus  transformed  cells  in  BALB/c  mice  and  the  size  of  RCN 
transplanted  in  SJL/J  mice.   The  mechanism  of  these  actions  and  the  effect 
on  NK  activity  is  currently  under  investigation. 

VI.  Further  immunologic  and  genetic  studies  on  the  transplantation 
resistance  of  established  murine  trophoblast  cultures 

As  stated  in  the  previous  report,  this  investigation  was  undertaken  in 
an  attempt  to  establish  a  murine  model  for  trophoblastic  disease  such  as 
choriocarcinoma  in  humans.   The  trophoblast  cultures  established  from 
placenta  were  further  characterized.   They  lacked  H-2  antigen  expression, 
Fc  receptor,  Thy  1  antigen,  and  surface  immunoglobulin  determinants.   They 
are  resistant  to  type  C  virus  infection  and  produce  no  type  C  viruses. 
Their  resistance  to  type  C  virus  infection  is  not  due  to  lack  of  adsorption, 
because  the  cells  can  be  infected  by  a  VSV  (MuLV)  pseudotype  virus  (in  the 
presence  of  potent  anti-VSV  serum) .   The  cells  release  estradiol  (21  to  819 
ng/ml)  into  culture  fluid,  and  one  line  released  gonadotropin  like  substance. 
The  tumor  induced  by  i.p.  injection  of  these  cells  was  histologically 
confirmed  to  be  carcinomatous  type.   The  CF-1  tumor  established  from  CF-1 


805 


Z01  CB  05550-11  LCBGY 

mice  (non-inbred)  could  be  transplanted  successfully  in  A/Jax,  BALB/c,  CBA 
and  C3H  mice  besides  CF-1  mice,  but  not  in  AKR,  BIO. A,  BIO. BR,  B10.D2,  C58, 
C57BL/10,  C57BL/6,  NH,  SJL/J  and  A.SW  mice.   The  genetic  aspect  of  trans- 
plantation susceptibility  of  different  strains  of  mice  was  further  studied 
by  transplantation  experiments  in  F1  hybrids,  F  hybrids  and  backcross  mice. 
With  (BALB/C  x  SJL/J)F  and  (BALB/c  x  C57BL/6)F  mice,  a  100%  tumor  take  was 
observed  indicating  a  dominant  character  of  the  transplantation  susceptibility. 
With  (BALB/c  x  C57BL/6)F2  population,  a  68%  (30/44)  take  was  observed,  and 
with  C57BL/6  x  (BALB/c  x  C57BL/6)F  backcross  population,  a  50%  (15/30)  take 
was  observed.   These  data  indicate  the  presence  of  a  single  locus  for  CF-1 
tumor  transplantation  susceptibility  gene. 

In  addition  to  CF-1  trophoblasts,  more  trophoblast  cultures  have  been 
established  from  placentas  of  BALB/c  and  SJL/J  mice,  and  their  F  hybrids. 
Attempts  to  induce  transplantation  resistance  in  syngeneic  mice  By 
immunization  with  mitomycin  C-treated  trophoblast  cultures  or  by  foot-pad 
inoculation  followed  by  amputation  have  so  far  been  unsuccessful.   The 
transplantation  resistance  of  parent  mice  against  F  hybrid  trophoblast 
cell  lines  is  being  investigated  to  simulate  the  natural  condition  of 
trophoblast  tumor  growths  in  mothers. 

Publications: 


Chang,  K.S.S.,  and  Log,  T. :   Dual-tropic  and  amphotropic  retrovirus 
production  by  Abelson-,  Moloney-,  and  Rauscher-leukemia  virus  induced  tumors 
in  inbred  mice.   In  Advances  in  Comparative  Leukemia  Research,  Elsevier /North 
Holland,  Inc.  1979,  pp.  153-154. 

Chang,  K.S.S.,  and  Log,  T. :   Natural  killer  cell  activity  associated  with 
reticulum  cell  neoplasms.   Int.  J.  Cancer  25:  405-416,  1980. 
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I.  Introduction 

Dr.  Ching  Ho  left  our  group  in  November  1979  to  return  to  Cincinnati 
where  she  will  be  entering  medical  school  in  September,  1980.   With  her 
departure  our  work  with  mt-DNA  of  the  various  mouse  subspecies  has 
substantially  halted  until  we  can  find  a  postdoctoral  fellow  interested  in 
continuing  this  work.   For  the  rest  of  this  year  Mr.  John  Vere,  who  has 
considerable  experience  with  nucleic  acid  biochemistry  will  attempt  to  carry 
on  at  a  reduced  level  of  effort  compared  to  that  of  the  past  two  years.   Two 
final  publications  are  in  preparation  with  Dr.  Ho. 

Before  we  can  continue  work  on  our  study  of  the  suppression  of 
tumorigenicity  by  cytoplasmic  fusion  and/or  microinjection  of  cell  extracts 
we  must  find  a  better  arrangement  for  keeping  the  nude  mice  used  in  the 
testing. 

II.  Microinjection  experiments 

A.  Cloning  malaria 

We  have  been  collaborating  with  Dr.  L.H.  Miller,  NIAID,  by  using  our 
microinjection/micromanipulation  set  up  to  select  individual,  singly  infected, 
erythrocytes  from  the  blood  of  monkeys  with  malaria.  The  single  cells  are 
identified  in  a  diluted  blood  sample  in  a  microinjection  chamber  under  phase 
contrast,  polarized  optics  at  1200X.   The  chosen  infected  cell  is  aspirated 
into  the  tip  of  the  silicone  oil  filled  microcapillary  pipet  and  withdrawn 
through  a  silicone  oil  interface  to  insure  that  no  other  cells  adhere  to 
the  pipet.  The  single,  infected  red  cell  is  then  expelled  into  the  barrel  of 
a  syringe  loaded  with  the  blood  of  an  uninfected  monkey.  The  syringe  load 
of  blood  is  injected  back  into  the  healthy  monkey  and  if  an  infection  is 
established  then  we  know  that  it  came  from  the  progeny  of  a  single  malarial 
parasite.  The  result  is  a  "cloning"  of  the  malarial  parasite,  an  event  not 
known  to  occur  in  nature.  The  initial  and  possible  progression  of  the 
serotypes  of  the  malarial  parasites  should  establish  whether  serotype  variation 
is  the  result  of  mixed  infections  or  are  generated  by  a  mechanism  like  that 
used  in  the  generation  of  immunoglobulin  V  and  C  region  combinations  as 
appears  to  be  the  case  among  trypanosomes.   To  date,  2  monkeys  have  been 
injected  and  one  contracted  malaria.   Data  will  soon  be  available  on  the 
possible  progression  of  the  serotypes  of  the  malarial  parasite  cloned  in 
this  animal. 

B.  Assay  of  mitogenic  agents  from  CHO  cells 

We  have  collaborated  with  Dr.  Bert  Vogelstein,  The  Johns  Hopkins  Cancer 
Center,  Baltimore,  MD,  in  attempting  to  test  the  possible  mitogenic  effect 
of  a  purified  polypeptide  derived  from  mitotic  Chinese  Hamster  Ovary  (CHO) 
cells.   The  polypeptide  was  isolated  using  a  semi-micro  injection  assay  by 
the  induction  of  maturation  divisions  in  Xenopus  oocytes.   The  issue  we 
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wanted  to  resolve  was  what  effect  this  material  would  have  on  interphase 
CHO  cells  themselves.   The  CHO  cell  is  approximately  1/10,000  of  the  volume 
of  the  Xenopus  oocyte  so  that  our  microinjection  apparatus  was  appropriate. 
We  succeeded  in  making  good  (the  cell  survived  24  hours)  injections  into  27 
cells  (4  were  doubly  injected  after  a  45  min  delay).   There  was  some  evidence 
of  a  brief  alteration  in  the  phase  dense  structures  of  the  nucleus  but 
no  persistant  premature  condensation  of  chromosomes  or  persistent  nuclear 
envelope  dissolution  occurred.  The  experiments  are  difficult  to  do  because 
the  polypeptide's  activity  as  assayed  in  Xenopus  oocytes  is  labile  and 
heat  sensitive.   In  order  to  see  mitotic  changes  in  mammalian  cells  (unlike 
Xenopus)  the  injections  had  to  be  done  with  the  air  curtain  incubator  at 
37 °C.   Our  present  conclusion  is  that  the  material  is  either  inactive  in 
CHO  cells,  or  so  labile  that  it  must  be  perfused  continuously  to  be 
effective  (it  would  presumably  be  supplied  continuously  by  synthesis  in 
a  mitotic  cell).   Two  approaches  are  being  considered  for  future  work: 
1)  perfuse  the  substance  using  an  indwelling  electrode  and  iontophoresis, 
and  2)  efforts  are  being  made  to  improve  the  thermolability  of  the  polypeptide 
preparation. 

III.   Culture  of  differentiated  cells 

A.   Thyroid 

We  have  continued  our  collaboration  with  Dr.  Saverio  Ambesi-Impiombato 
in  the  characterization  of  normal  and  transformed  cells  cultured  from  rat 
thyroid  glands.   We  have  learned  that  once  isolated  in  0.5%  calf  serum, 
hormone  supplemented  medium,  strains  like  FRTL  can  be  adapted  to  grow  in 
medium  containing  the  six  hcrmones  and  5%  calf  serum  with  a  doubling  time 
of  only  30-40  hours  (c.f.  5-7  days)  while  maintaining  thyroglobulin  synthesis 
and  iodide  concentration.   These  and  other  strains  of  rat  thyroid  cells 
will  be  tested  for  their  ability  to  replace  the  thyroid  functions  in 
animals  that  have  been  thyroidectomized  and  had  all  residual  thyroid  function 
ablated  (with  131-1) .   The  attempt  in  this  experiment  is  to  develop  an  assay 
for  "normality"  of  differentiated  cells  in  culture. 

Dr.  Magnusson  has  continued  to  study  the  growth  and  differentiated 
function  of  the  Fisher  rat  thyroid  cells  (FRTL) .  He  finds  that  the 
kinetics  of  iodide  uptake  (Fig.  1  )  in  these  cells  is  analogous  to  rat 
thyroid  in  vivo.  He  also  has  found  however,  that  these  cells  have  no  detectable 
synthesis  of  the  thyroid  hormones  T3  and  T4  as  assayed  by  a  sensitive  RIA 
procedure  he  has  refined  from  commercially  available  antibodies  and  radio- 
active ligands  (thyroxine  and  tri-iodothyronine) .  He  is  currently  studying 
the  reason  for  this  lack  of  synthesis,  which  seems  to  be  related  to  the 
failure  of  FR  L  cells  to  organize  into  properly  oriented  follicular 
structures  in  culture  dishes.  The  possibility  of  another  cell  type  being 
necessary  for  the  formation  of  follicles  in  vivo  is  being  studied  by  isolating 
clones  of  cells  from  newly  prepared  lines  of  fully  functional  thyroid  cells, 
which  do  form  follicles  and  make  thyroid  hormones.   These  clones  will  be 
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Fig.  1.   Concentration  of  iodide  by  FRTL  cells 

A  suspension  of  FRTL  cells  was  prepared  by  gently  scraping  monolayer 
cultures.   Cells  containing  about  0.2  mg  of  protein  were  added  to  micro- 
centrifuge tubes  containing  in  a  final  volume  of  0.5„ml,  Hank's  balanced  salt 
solution,  20  mM  HEPES  buffer,  pH  7.2,  2%  glucose,  [I]  KI  at  the 
concentrations  shown,  and  [  H]  inulin  (for  correction  of  media  trapping) . 
After  incubation  for  15  min  at  37°,  the  cells  were  collected  by  centrifugation. 
The  supernatant  fluid  was  immediately  removed.   The  uptake  of  iodide  by  FRTL 
cells  is  plotted  as  the  ratio  of  internal  iodide  concentration: external 
iodide  concentration  (triangles) ,  and  also  as  the  final  internal  concentration 
(circles) .   Apparent  Km  for  iodide  uptake  is  55  uM.   The  internal  volume  of 
the  cells  was  previously  determined  to  be  3.4  ul/mg  protein. 
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tested  for  their  ability  to  interact  with  FRTL  cells  to  form  functional 
follicles  which  produce  thyroid  hormone. 

He  has  also  studied  the  attachment  and  growth  of  FRTL  cells  on  both 
porous  and  non  porous  microcarrier  beads,  and  has  found  that  the  cells 
will  attach  to  the  beads  and  remain  viable,  however  good  growth  with  this 
system  has  yet  to  be  achieved.   These  microcarrier s  do  appear,  however,  to 
be  useful  for  the  large  scale  production  of  SV40  transformed  strains  of 
FRTL  derived  cells. 

Dr.  Sinback  has  used  intracellular  microelectrodes  to  study  the  electro- 
physiological properties  and  the  electrical  responses  to  catecholamines 
in  FRTL  cells.   FRTL  cells  have  membrane  potentials  of  -60  to  -70  MV  and 
membrane  resistance  is  non-linear.   The  possibility  that  non-linear 
resistance  properties  may  be  related  to  secretion  is  being  studied.   The 
effects  of  extracellular  I-  on  the  membrane  potential  is  being  studied  to 
determine  the  ionic  mechanisms  of  I-  uptake.   The  ionic  dependence  of  the 
membrane  potential  is  being  studied  by  replacing  extracellular  Na  ,  Ca++, 
and  K+.   Catecholamines  cause  a  depolarization  of  the  FRTL  membrane 
potential.   This  effect  is  due  to  an  increase  in  membrane  permeability  to 
Na+  and/or  Ca"^.   The  effects  of  TSH  on  membrane  potential  will  be  examined 
this  year.   Secretory  processes  in  nerve  and  gland  cells  is  regulated  by 
depolarizations  which  increase  (or  are  due  to  increase)  in  Ca   permeability. 

C.  Rabbit  uterine  cells 

Our  ts  mutants  of  SV40  have  been  used  to  produce  transformed  rabbit 
uterine  epithelial  cells  which  Drs.  Gladner  and  Sun  are  using  to  study 
synthesis  of  clotting  factor  13  and  fibronectin.   Some  thirteen  transformed 
cell  strains  were  isolated  and  one  of  these  appears  to  be  stable  epithelial 
and  to  produce  factor  13  and  fibronectin.   The  behavior  of  these  cell 
strains  at  40°C  and  their  uterine-specific  syntheses  will  be  studied 
intensively  during  the  coming  year. 

D .  Neurons 

Since  May  of  1979  we  have  been  pursuing  in  a  new  way  one  of  the  long 
standing  interests  of  our  laboratory,  the  culture  and  differentiation  of 
cells  from  the  13-18  day  embryonic  rat  central  nervous  system  (CNS) .   We  are 
using  a  temperature  sensitive  (ts)  mutant  of  SV40  to  produce  transformed 
cells  (presumably  neuroblasts)  from  standardized  regions  of  the  ens:  fore- 
brain  (cerebral  hemispheres),  Thalamus  (including  hypothalamus),  cerebellum 
(rudiment),  spinal  cord  and  retina.   The  premise  of  the  experiments  is  that 
33°C,  the  permissive  temperature,  the  neuroblasts  will  divide,  clone  and 
supply  amplified  material  such  that  when  the  cultures  are  shifted  up  to  40°C, 
the  restrictive  temperature,  they  will  then  produce  differentiated  neurons 
according  to  the  kind  of  neuroblast  originally  transformed.   This  scenario 
has  been  realized  this  past  year  in  the  siolation  of  nearly  20  separate  cell 
strains  (mostly  from  the  spinal  cord).   There  are  very  interesting  but  still 
rather  preliminary  observations  that  have  emerged: 
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One  cell  strain  that  has  been  cloned  by  colonial  isolation  three 
successive  times  still  produces  when  shifted  up  to  40 °C  two  types  of 
morphologically  and  electrophysiologically  distinct  cells  -  one  a  multipolar 
neuron  and  a  second,  bipolar  cell  that  may  not  be  a  neuron,  possibly  it  is 
a  glial  cell  or  Schwann's  sheath  cell.   2)  Most  of  the  other  cell  strains 
produce  a  single  cell  type  judged  by  morphology  -  and  these  cell  strains 
appear  to  survive  better  and  to  show  more  perfect  differentiation  when  they 
are  co-cultivated  with  another  strain.   There  is  also  evidence  of.  cellular 
interaction  in  the  normal  cell  controls. 

Of  course,  each  time  that  virally  transformed  cells  are  produced,  normal 
cells  (cells  not  exposed  to  virus)  are  cultured  in  parallel.  Since  the 
transformed  cells  have  to  be  cultured  at  33°,  the  normal  cells  have  also 
been  cultured  at  33°  and  with  very  surprising  results.   We  are  especially 
excited  by  the  unexpected  results  of  these  low  temperature  cultures  of 
non  transformed  cells.   They  grow  longer  as  neuroblasts  and  differentiate 
into  neurons  in  a  spectacular  and  heretofore  undescribed  way.   It  may  prove 
possible  for  us  to  do  much  of  the  experimentation  we  wanted  to  do  without 
having  to  resort  to  the  transformed  cells.  Particularly  the  first  description 
of  the  electrophysiological  properties  of  the  cells  as  they  differentiate 
from  neuroblast  and  neuron.   The  transformation  from  neuroblast  to  neuron 
may  be  brought  under  sufficient  experimental  control  in  these  cultures  to 
allow  us  to  produce  homogeneous  (probably  cloned)  cell  strains  for  more 
complex  biochemical  and  cell  combinatorial  analysis. 

No  small  part  of  the  present  success  with  culture  of  CNS  neurons  has 
come  about  as  a  result  of  our  previous  development  of  the  low  serum,  hormone 
supplemented  culture  medium  for  the  FRTL-thyroid  cells.   That  medium,  a 
modified  F12  known  as  mF12+6H  contains  a  mere  0.5%  calf  serum  (N.B.  not 
fetal  calf)  and  it  has  been  found  to  produce  spectacularly  improved  cultures 
from  fetal  brains  compared  to  what  was  possible  before  this  approach  was 
applied  to  brain  cultures.   The  six  hormones  present  in  the  mF12+6H 
medium  include  a  crude  TSH  preparation  from  bovine  pituitaries.  For  the  FRTL 
cells,  it  is  the  TSH  that  is  required  as  judged  by  successful  replacement 
with  highly  purified  TSH.   However,  for  the  neuron  cultures  it  is  not  TSH 
but  some  other  component  which  we  hope  to  be  able  to  isolate  from  the 
material.   Hormones  and  growth  factors  as  additives  to  cell  cultures  are 
popular  these  days  and  there  is  special  interest  among  neurobiologists  in 
improvements  in  neuron  culture  and  especially  in  new  nerve  growth  factors 
that  are  active  on  cells  from  the  CNS. 

Dr.  Sinback  has  also  begun  to  characterize  the  electrophysiological 
properties  of  SV40  transformed  cell  strains  obtained  from  the  CNS.  Two 
strains  which  develop  process  at  40°.  Also  have  membrane  potentials  of  -40 
to  -60  MV  and  exhibit  non-linear  resistance  properties.   Depolarizing  and 
hyperpolarizing  current  pulses  elicit  "proto-action  potentials"  which  are 
not  recorded  from  glial  cells,  fibroblasts  or  FRTL  cells.  Dr.  Sinback  is 
beginning  electrophysiological  studies  of  cells  which  appear  to  change  from 
neuroblasts  to  neurons  in  primary  CNS  cultures. 
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We  have  initiated,  in  collaboration  with  Dr.  Paul  J.  Marangos,  NIMH, 
Laboratory  of  Clinical  Science,  a  study  assaying  the  appearance  of  neuron- 
specific  enolase  (formerly  known  as  1432  protein)  in  our  cultures  as  a 
function  of  time  at  33°C  and  after  shift-up  to  40°C.   These  studies  should 
coroborate  the  morphological  and  electrophysiological  findings. 
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Project  Description: 

A.   Immunoglobulin  Diversity  and  Structure 

For  a  number  of  years  one  of  the  major  projects  of  this  laboratory  has 
been  the  study  of  the  structure  of  the  antibody  molecule  and  the  mechanisms 
involved  in  the  generation  of  the  vast  immunoglobulin  repertoire  exhibited 
by  vertebrate  organisms.   We  have  approached  these  problems  by  the  analysis 
of  the  primary  and  three  dimensional  structure  of  murine  myeloma  proteins 
with  defined  antigen  binding  activity. 

I.  Antibody  Diversity 

Previous  studies  from  this  laboratory,  as  well  as  a  number  of  others, 
using  protein  sequence  analysis  have  suggested  the  existence  of  a  large 
number  of  germ  line  genes  coding  for  antibody  light  and  heavy  chains. 
Recent  nucleic  acid  studies  have  confirmed  and  extended  these  observations. 
It  now  appears  as  though  at  least  500  germ  line  genes  exist  for  mouse 
chains  and  probably  a  similar  number  for  heavy  chains.   One  of  the 
intriguing  questions  remaining  to  be  answered  concerns  how  these  variable 
region  genes  are  arranged  and  expressed. 

a)  One  of  the  groups  of  antigen  binding  myeloma  proteins  currently 
being  analyzed  consists  of  proteins  with  binding  specificity  for  S  (1,6) 
galactan  containing  antigens.   We  have  completed  light  chain  variable 
region  amino  acid  sequences  for  6  kappa  chains  from  this  group.   The  results 
support  our  previous  suggestion  that  the  kappa  chain  variable  region  is 
coded  for  by  two  distinct  gene  segments.   Nucleic  acid  studies  from  other 
laboratories  have  defined  the  boundaries  of  these  gene  segments.   The 
variable  region  gene  (V)  codes  for  amino  acids  1-95  and  the  joining  region 
gene  (J)  codes  for  amino  acids  96-108.   Position  96,  which  is  coded  for 
by  the  J  gene,  is  the  last  residue  in  the  third  complementarity  determining 
region  and  could  thus  potentially  introduce  structural  variation  in  the 
antibody  combining  site.   Four  different  J  genes  have  been  identified  each 
of  which  presumably  can  recombine  with  any  given  V  gene.   In  addition, 
alterations  in  the  frame  of  recombination  between  V  and  J  could  produce 
additional  amino  acids  at  position  96  further  contributing  to  binding  site 
structural  diversity.   An  analysis  of  position  96  and  the  J  segment  in  the 
anti-galactan  light  chains  revealed  the  following:  1)  among  the  6  light 
chain  sequences  all  four  of  the  expressed  J  sequences  are  found;  2)  five 
of  the  proteins  have  an  lie  at  position  96  and  the  sixth,  Trp.   3)  The 
binding  constants  for  all  six  proteins  are  virtually  identical  for  3(1,6) 
galactan  haptens.   The  identification  of  lie  at  position  96  in  five  of 
these  proteins  is  of  particular  interest  in  that  this  amino  acid  is  not 
coded  for  by  any  of  the  germ  line  J  sequences  nor  can  it  be  generated  by  any 
of  the  recombination  schemes  previously  observed.   We  have  therefore  proposed 
a  novel  recombination  mechanism  to  account  for  this  amino  acid  sequence 
which  we  plan  to  test  in  the  future  by  appropriate  nucleic  acid  studies. 
The  interchange  of  Trp  for  lie  in  one  of  the  light  chains  permits  an 
assessment  of  the  role  of  position  96  in  combining  site  diversity.   Since 
the  association  constants  of  all  of  the  6  (1,6)  galactan  binding  myeloma 
proteins  show  only  minimal  variation  we  have  concluded  that  for  this  binding 
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specificity  the  substitution  of  the  bulky,  aromatic  Trp  side  chain  for  lie 
is  easily  accommodated  and  that  this  position  is  therefore  not  involved  in 
this  system,  in  the  generation  of  binding  site  diversity.   By  similar  analysis 
of  other  groups  of  antigen  binding  myeloma  proteins,  such  as  those  with 
specificity  for  phcsphorylcholine,  we  are  continuing  to  examine  the  role  of 
position  96  in  antigen  binding. 

Complete  sequences  from  the  heavy  chains  of  four  of  these  proteins  are 
also  available.   When  comparisons  are  now  made  among  these  four  immuno- 
globulins it  can  be  seen  that  they  differ  by  as  few  as  one  or  as  many  as 
9  amino  acids  in  complementarity  determining  regions.   It  is  thus  surprising 
that  only  small  differences  are  observed  in  association  constants  and 
specificity  suggesting  that  an  unexpectedly  large  number  of  amino  acid 
substitutions  may  occur  in  certain  antibody  combining  sites  without  markedly 
altering  binding  characteristics.   We  are  currently  performing  structural 
determinations  on  additional  BALB/c  myeloma  proteins  with  the  same  specificity 
in  order  to  more  completely  characterize  this  system.   In  addition,  hybridomas 
have  been  induced  in  BALB/c,  other  inbred  lab  strains,  and  wild  mice  to 
permit  an  assessment  of  the  evolution  and  comparative  structure  of  antibodies 
with  the  same  binding  specificity. 

The  three  dimensional  analysis  of  the  galactan  binding  protein  J-539 
has  continued  and  a  low  resolution  x-ray  map  has  been  reported.   These 
studies  are  continuing  and  data  are  being  collected  and  analyzed  for  the 
production  of  a  high  resolution  map  to  be  compared  with  the  structure  we 
are  also  determining  for  the  phosphorylcholine  binding  myeloma  protein  M603. 

b)  In  the  preceding  annual  report  we  described  a  system  being  developed 
in  collaboration  with  Dr.  M.  Scharff  to  analyze  the  potential  role  of 
somatic  mutation  in  generating  antibody  diversity  in  addition  to  that 
inherent  in  a  large  number  of  germ  line  genes.   One  of  the  phosphoryl- 
choline binding  myeloma  proteins  (S107)  has  been  placed  in  culture  and  a 
series  of  spontaneous  mutants  derived  which  bind  phosphorylcholine  more 
weakly  than  the  parent  or  not  at  all.   From  our  previously  determined  three 
dimensional  structure  of  the  phosphorylcholine  binding  myeloma  M603  it 
was  known  that  the  heavy  chain  contributed  nearly  all  amino  acids  involved 
in  hapten  contact.   These  observations  suggested  that  the  antigen  binding 
variants  might  result  from  point  (somatic)  mutations  occurring  in  comple- 
mentarity determining  regions.   To  date,  we  have  determined  complete  variable 
region  sequences  from  the  heavy  chains  of  the  parent  and  two  mutants.   The 
complementarity  determining  regions  are  identical  in  all  three.   The  only 
heavy  chain  difference  so  far  observed  is  an  identical  substitution  found 
in  the  heavy  chain  J  segments  of  the  two  mutants.   It  is  presently  unclear 
what  effect  this  substitution  may  have  on  antigen  binding.   We  have  begun 
analysis  of  the  light  chains  from  these  molecules  to  determine  if  they 
might  play  a  role  in  the  observed  binding  differences.   The  only  light 
chain  amino  acid  clearly  in  contact  with  hapten  is  position  96  which,  as 
described  above,  is  coded  for  by  the  J  gene.   The  possibility  therefore 
exists  that  in  this  system,  in  contrast  to  the  anti-galactan  proteins  des- 
cribed above,  position  96  may  be  critical  to  antigen  binding  and  the 
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decreased  binding  of  the  mutants  might  then  result  from  the  use  of 
inappropriate  J  segments.   We  have  determined  the  sequence  of  the  first  50 
amino  acids  of  the  parent  light  chain  as  well  as  one  of  the  variants  and 
they  are  identical.   We  are  currently  attempting  to  isolate  peptides 
containing  the  J  segment  in  order  to  determine  if  variation  occurs  in  this 
portion  of  the  molecule. 

c)   We  have  previously  described  a  group  of  BALB/c  phosphorylcholine 
binding  myeloma  proteins  one  of  which  (T15)  is  coded  for  by  germ  line  genes. 
Furthermore,  an  analysis  of  the  amino-terminal  sequences  of  anti-phosphoryl- 
choline  antibodies  in  strains  A/ J,  C57B1/6J  and  CBA/J  demonstrated  that  these 
antibodies  were  remarkably  similar  to  the  BALB/c  myeloma  proteins.   Two 
polymorphic  forms  of  the  anti-phosphorylcholine  heavy  chains  were  identified 
which  suggested  the  existence  of  potentially  allelic  forms  of  this  variable 
region.   To  further  examine  the  possible  heavy  chain  allelism  we  have 
determined  the  variable  region  sequence  of  a  phosphorylcholine  binding 
myeloma  protein  of  C57BL  origin  (C3) .   C3  differs  from  T15  at  five 
positions  over  the  entire  variable  region  all  of  which  are  located  in  the 
framework  portion.   All  complementarity  determining  regions  are  identical. 
Two  of  the  positions  at  which  C3  and  T15  differ  (14  and  16)  also  differentiate 
T15  and  the  BALB/c  myeloma  proteins  from  C57BL  anti  phosphorylcholine  anti- 
bodies.  C3  is  identical  to  the  C57BL  antibodies  at  these  positions.   Since 
the  characteristic  sequences  at  positions  14  and  16  are  found  in  all  C57BL 
antibodies  this  sequence  must  be  encoded  in  the  C57BL  germ  line  as  opposed 
to  the  two  alternatives  encoded  in  the  BALB/c  germ  line.   Based  on  the  96% 
homology  between  C3  and  T15  and  the  nature  of  the  substitutions  described 
above  we  have  suggested  that  these  structures  represent  allelic  forms  of  the 
same  germ  line  gene.   This  is  the  first  description  of  allelic  forms  of  an 
entire  immunoglobulin  variable  region.   We  are  currently  studying  anti- 
phosphorylcholine  hybridomas  from  C57BL  mice  as  well  as  other  strains  to 
further  elucidate  the  evolution  and  allelic  nature  of  these  gene  products. 

Antisera  have  been  prepared  which  react  specifically  with  either  C3  or 
T15.   When  these  reagents  are  tested  against  anti-phosphorylcholine  antibodies 
induced  in  BALB/c  x  C57BL  F  animals  and  F„  backcross  progeny  the  C3  and 
T15  markers  segregate  in  a  simple  Mendelian  fashion  as  would  be  expected  of 
alleles.   The  allelic  nature  of  these  markers  is  further  evidenced  by  their 
appearance  in  various  other  inbred  strains  as  well  as  recombinant  inbred  lines. 

d)   It  has  been  known  for  some  time  that  a  significant  number  of  immuno- 
globulin heavy  chains  have  'blocked'  amino  terminal  ends  and  are  therefore 
not  suitable  for  amino  terminal  sequence  analysis.   Using  methods  now 
available  for  removing  blocking  groups  we  have  begun  analysis  of  this 
previously  uncharacterized  population.   The  results  on  the  first  three 
'unblocked'  heavy  chains,  which  include  two  rare  IgD  proteins,  suggest  that 
a  number  of  new  subgroups  will  be  identified  in  this  population  which  differ 
signficantly  from  those  found  in  the  unblocked  population.   Thus,  the 
genetic  repertoire  for  immunoglobulin  heavy  chains  may  be  considerably  larger 
than  that  previously  suggested  based  on  the  analysis  of  unblocked  chains. 
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B.  Instrumentation 

I.   Modification  of  the  Beckman  Sequencer 

Two  laboratories  have  reported  modifications  of  the  Beckman  sequencer 
resulting  in  increases  in  sensitivity  ranging  as  high  as  500  fold.   This 
performance  level  makes  sequencing  of  very  rare  proteins  obtainable  in 
only  small  amounts  feasible.   We  have  spent  considerable  time  and  effort  over 
the  last  year  in  modifying  one  of  our  sequencers  with  the  aid  of  the  group 
at  the  California  Institute  of  Technology.   We  are  currently  testing  programs 
and  methods  to  attempt  to  reach  the  described  performance  levels  and  thus 
make  sequencing  with  these  low  amounts  of  material  possible  in  our  laboratory. 

C.  Membrane  Proteins 

I.   Products  of  the  major  histocompatibility  complex  in  miniature 


a)  Three  inbred  herds  of  miniature  swine  have  been  established  which 
are  homozygous  at  the  major  locus  controlling  transplant  rejection.   Our 
laboratory  is  currently  involved  in  the  development  of  this  system  as  a 
transplantation  biology  model.   The  size  of  these  animals  provides  a  unique 
opportunity  to  isolate  molecules  involved  in  transplantation  and  other 
immune  phenomena  in  quantities  sufficient  for  both  chemical  and  biological 
studies.   We  have  prepared  antisera  to  pig  69-microglobulin,  a  molecule 
associated  with  the  major  transplantation  antigen,  and  used  this  reagent  in 
conjunction  with  preliminary  purifications  to  isolate  transplantation 
antigens  from  detergent  extracts  of  spleen  cells.   Using  this  procedure  we 
have  isolated  antigens  from  all  three  herds.   The  detergent  extracted  material 
has  proven  to  be  largely  insoluble  in  non-denaturing  conditions  and  though 
potentially  useful  for  chemical  studies  is  not  appropriate  for  biological 
experiments.   In  order  to  prepare  material  which  would  be  more  easy  to 
handle  and  at  the  same  time  suitable  for  in  vitro  and  in  vivo  studies  we 

have  determined  conditions  for  the  preparation  of  papain  fragments  which 
are  soluble  in  neutral  buffers.   Papain  fragments  have  now  been  prepared 
from  all  three  herds  and  are  currently  being  purified  for  use  in  appropriate 
experiments  including  sequence  analysis  and  graft  rejection  tolerance  studies. 

b)  The  major  histocompatibility  complex  in  all  vertebrate  species 
examined  contains  a  region  designated  I.   I  region  gene  products  appear  to 
be  involved  in  a  number  of  immunological  phenomena  including  the  regulation 
of  immune  responses  to  certain  antigens  and  in  vitro  cell-cell  interactions 
and  communication.   We  have  begun  to  characterize  the  I  region  products  from 
the  three  inbred  herds  by  two-dimensional  gel  analysis.   This  technique  in 
conjunction  with  appropriate  serology  has  permitted  the  identification  of 
the  transplantation  antigens  and  I  region  gene  products  from  the  three 
parent  herds  as  well  as  two  recombinant  animals.   This  analysis  is  the 
first  step  in  our  attempt  to  purify  these  proteins  for  both  structural 

and  biological  analyses. 
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Plasmacytomagenesis 

1.  Using  the  LBI-closed  colony  environment  we  have  been  able  to  perforin 
a  number  of  plasmacytomagenesis  experiments.   There  is  an  increase  in  Lhe 
yield  of  plasmacytomas  by  increasing  pristane  dose.  Two  and  three  0.5  ml 
injections  are  far  more  effective  than  a  single  dose.  In  the  present  series 
of  experiments  two  0.5  ml  doses  have  been  given  at  various  intervals.  A 
second  dose  given  180  days  after  the  first  gives  a  high  incidence  of  plasma- 
cytomas with  a  very  short  latent  period  relative  to  the  second  dose.  This 
experiment  has  been  successfully  repeated  with  appropriate  controls.  These 
findings  suggest  that  pristane  may  have  a  dual  effect  in  plasmacytomagenesis. 
First  it  creates  very  rapidly  a  favorable  micro environment  for  early  plasma- 
cytoma growth  (see  below)  but  second  it  may  evoke  other  changes  in  the  plasma 
cell  lineage,  by  stimulating  the  B-lymphocyte  precursors  to  proliferate.  It  is 
not  thought  that  pristane  is  a  direct  carcinogen  or  that  it  can  modify  DNA, 
thus  any  action  of  pristane  would  be  indirect.  Proliferation  can  activate 
endogenous  type  C  viruses  and  promote  recombinations  between  viruses  and 

host  DNA.  The  2-dose  induction  experiments  indicate  there  is  'memory'  for 
the  second  type  of  change.  'Memory'  could  reside  in  a  lymphocyte  precursor. 
It  is  also  possible  that  different  microenvironments  are  created  by  the 
injection  of  pristane  and  that  soon  after  pristane  is  injected  when  an 
excess  of  free  oil  is  in  the  peritoneum  the  cellular  environment  stimulates 
B-lymphocytes .  This  suggests  an  increase  in  the  number  of  preplasmacytoma 
cells  after  a  single  injection  that  remain  dormant  without  a  proper 
stimulus. 

We  have  completed  several  experiments  using  3  injections  of  pristane 
designed  to  determine  the  effect  of  age  on  plasmacytomagenesis.  Using  8 
month  old  as  compared  to  2  month  old  BALB/c  we  have  not  been  able  to  show 
that  older  mice  are  more  susceptible  or  that  they  have  a  shorter  latent 
period. 

In  looking  at  young  mice  we  injected  pristane  into  2  week  old  mice, 
and  found  the  same  latent  period  as  with  adult  but  a  much  more  consistent 
and  higher  yield.   This  was  due  in  part  to  the  enhanced  susceptibility 
of  neonatal  males.   Adult  males  are  not  in  our  experience  more  or  less 
susceptible  than  females. 

2.  In  collaboration  with  Dr.  Arthur  Anderson  of  USAMRIID,  Fort 
Detrick,  a  study  of  the  microvasculature  of  the  oil  granuloma,  using 
perfusion  techniques,  scanning  and  transmission  and  electron  microscopy 
is  in  progress.  The  oil  granuloma  has  a  highly  developed  vasculature  with 
unusual  characteristics.   Many  of  the  granulomatous  lesions  are  peduncula- 
ted bodies  that  form  from  the  mesentery.  Injection  of  pristane  i.p.  induces 
the  formation  of  an  unusual  change  in  the  mesenteric  peritoneal  surface 
characterized  by  the  formation  of  a  long  stalked  polyp  like  structure.  The 
polyp  is  formed  by  the  proliferation  of  mesenteric  blood  vessels,  and  the 
migration  of  phagocytes  and  lymphocytes.   Stalk  like  structures  bud  out 

at  multiple  points,  along  the  mesenteric  surface  and  their  terminal  ends 
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form  a  convoluted  network  of  vessels.   None  of  these  have  high-endo- 
thelium.   The  polyp  is  covered  by  inesothelium.  Cells  migrate  into  the 
polyp  body:  there  are  macrophages  laden  with  oil,  PMNL  and  lymphocytes. 
Oil  is  probably  also  transported  across  the  mesothelium.  Polyps  are 
recognizable  structures  3  weeks  after  the  first  injection  of  oil.  They 
appear  to  reflect  a  response  by  the  peritoneum  to  increase  its  mesothelial 
surface  -  as  a  means  for  freeing  the  peritoneum  cf  oil.  The  granulomatous 
tissue  in  the  polyps  is  probably  the  tissue  site  of  origin  of  the  plasma- 
cytoma. We  are  currently  studying  changes  that  occur  segmentally  in  the 
peritoneum  in  the  early  and  late  preplasmacytoma  period. 

Arthritis 

In  addition  to  inducing  plasmayctomas  pristane  also  induces  the 
formation  of  a  chronic  arthritis  in  BALB/c  mice.  This  affects  the  ankle 
joints,  and  feet  but  can  involve  other  joints.  Some  mice  develop  anklyosis. 
In  any  given  experiment  from  10  to  30%  of  the  mice  develop  arthritis.  The 
interesting  feature  of  this  arthritis  is  the  long  latent  period  beginning 
4  to  5  months  and  lasting  throughout  the  time  when  plasmacytomas  develop 
lack  of  evidence  of  mycoplasma  infection.  A  possible  mechanism  is  an 
autoimmune  process  beginning  with  a  destructive  tissue  change  in  the 
peritoneum  -  e.g.,  the  breakdown  of  collagen  by  macrophages  to  an  auto- 
immunogenic  form.   Since  the  arthritis  may  reflect  an  underlying  change 
in  the  suppressor  T  cell  population  we  are  further  investigating  this 
model  system.  The  closest  other  model  system  in  the  literature  is  the 
arthritis  induced  by  immunoglobulin  with  type  II  collagen. 

The  i.p.  injection  of  pristane  can  also  induce  the  formation  of 
macrophage  tumors.  These  usually  occur  in  low  incidence.  Some  of  these 
may  also  be  mesotheliomas.  We  have  established  9  other  macrophage  tumors 
in  transplant  and  are  beginning  to  make  systematic  studies  of  their 
biological  properties.  These  tumors  are  being  made  available  to  others. 
They  should  be  a  source  of  several  interesting  biological  substances. 

3.   Karyotypic  analysis  of  plasmacytomas.  In  collaboration  with  Dr. 
G.  Klein  of  the  Karolinska  Institute,  a  karyotypic  analysis  of  primary 
and  early  transfer  generation  plasmacytomas  has  been  carried  out  using 
G-banding  to  identify  specific  chromosomes.  Among  18  tumors  analyzed 
several  characteristic  translocations  have  been  identified:  T6;15,  T12;15, 
deleted  15.   Sixteen  of  the  18  tumors  have  the  T12;15  and  del  15 
abnormality  and  3  have  the  rcpT6;15.   Ali  of  the  latter  are  kappa  chain 
producers.  In  a  series  of  8  lambda  tumors  none  has  rcpT6;15.   Since  chr.  6 
carries  the  K-chain  genes  and  chr.  12  carries  the  heavy  chain  genes, 
there  seems  to  be  some  association  with  Ig-gene  complex  loci.   This 
is  further  strengthened  by  the  observation  that  the  translocations 
(like  the  allelic  exclusion  phenomenon)  involves  only  1  haplotype  in  a 
cell  and  in  tetraploid  cells  only  2  of  the  4  chromosomes  are  involved. 
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The  break  in  chr.  15  however,  is  consistent  throughout  and  appears  to 
occur  in  the  same  band  site.  Because  chr.  15  is  implicated  in  T-cell 
leukemias  in  the  mouse,  it  is  possible  that  a  break  in  chromosome  15 
may  have  an  important  biological  effect  on  the  differentiation  and  develop- 
ment of  B-lymphocytes  and  plasma  cells. 

Continuing  our  active  collaboration  with  G.  Klein,  we  are  attempting 
to  induce  plasmacytomas  in  mice  carrying  the  T6  translocation.  T6  is 
carried  on  a  CBA  background  a  mouse  that  is  presumably  plasmacytoma 
resistant.  The  T6  translocation  involves  chrs.  14  and  15.  Thus,  if  plasma- 
cytomas could  be  induced  in  mice  that  have  a  normal  15  and  a  14 ; 15 
translocation,  it  would  be  of  interest  to  determine  which  chromosome 
develops   the  T12;15-del  15  translocation.  For  this  purpose  we  are 
introgressively  backcrossing  T14;15  and  del  15  (from  T6)  onto  BALB/c  and 
attempting  to  induce  plasmacytomas  with  pristane.   We  have  also  obtained 
two  other  translocation  stocks  for  this  purpose  T10;12  31H  from  Harwell 
and  the  T5;12  from  Oak  Ridge.  These  translocations  are  also  on  plasma- 
cytoma resistant  strains. 

Since  little  is  known  about  chr.  15  in  the  mouse  we  are  studying  the 
effects  of  other  marker  genes  and  their  neighbors  located  on  chr.  15  for 
their  role  in  plasmacytomagenesis.   We  are  testing  bt  (belt)  on  C57BL/Ka 
which  can  be  assayed  at  BC„;  caracul  (Ca)  which  probably  can  also  be 
similarly  assayed.   The  presumption  here  is  that  genes  controlling 
susceptibility  in  BALB/c  are  located  on  chr.  15. 

We  are  further  pursuing  the  karyotypic  analysis  of  plasmacytomas  with 
Abelson  induced  plasmacytomas  (ABPcT)  and  lymphosarcomas  (ABLS) .   S. 
Ohno  of  Kanazawa  University,  Japan  has  nearly  completed  this  study. 
ABLS  are  balanced  diploids.   Four  of  5  ABPC  has  the  T12;15.   One  of  the 
positive  tumors  ABPC103  was  partly  induced  in  vitro  in  31  days  suggesting 
the  T12;15  translocation  is  an  early  event  in  plasmacytomagenesis. 

4 .   Identification  of  genes  confering  susceptibility  to  mineral  oil  ' . 
plasmacytomagenesis  in  BALB/c  mice.  Most  inbred  strains  of  mice  are  not 
susceptible  to  peritoneal  plasmacytomagenesis.   The  remarkable  susceptibility 
of  strains  BALB/c  and  NZB  suggests  specific  genes  are  involved.   Fl  hybrids 
of  BALB/c  and  the  resistant  DBA/2  strains  are  resistant  to  plasmacytoma- 
genesis suggesting  resistance  genes  are  dominant.   We  are  attempting  to 
identify  resistance  (R)  genes  in  DBA/2  by  backcrossing  a  number  of  DNA/2 
loci  onto  the  BALB/c  genotype,  to  produce  BALB/c  congenics  carrying  R  genes. 

The  aim  of  this  work  is  to  identify  the  resistance  (R)  genes,  as  a 
first  step,  and  then  to  test  whether  the  allele  of  the  R  gene  is  a  suscepti- 
bility gene  by  linkage  association.   The  ultimate  aim  is  to  find  the  pro- 
duct or  the  function  of  the  susceptibility  gene  and  show  how  it  leads  to 
neoplastic  change  in  plasma  cells. 
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We  are  breeding  or  currently  raising  test  progeny  from  N6  for:  Idh-1 
(Chr  1)  Fv-1  (Chr  4);  Pgm-1  (Chr  5);  C  (Chr  7);  Es-3  (Chr-11) ;  IgC 
(Chr  12);   Lyt  1  (Chr  19);  Ly-2  (Chr  6);  Qa-2  (Chr  17).   Isabelle 
Pawlita  has  worked  out  the  cytotoxicity  tests  for  the  last  3  genes.   In 
collaboration  with  Janet  Hartley,  NIAID,  we  are  introducing  a  DBA/2  gene 
that  is  resistant  to  MCF  viruses  onto  BALB/c  that  controls  resistance  to 
MCF  viruses. 

We  are  also  preparing  congenics  carrying  2  loci  on  the  same  chromosome 
so  that  a  larger  part  of  the  chromosome  can  be  introduced  (Idh-1  and  Dip-1) 
on  Chr  1  and  (Pgm-1  and  g-Gus)  on  Chr  5. 

We  are  nearly  completing  our  tests  on  the  first  gene  C  (Chr  7) . 
Surprisingly,  genes  closely  linked  to  C  on  Chr.  7  of  DBA/2  origin  enhance 
plasmacytomagenesis  (a  similar  effect  had  been  previously  observed  with  two 
related  congenics,  CB-20  and  CBB-22) .   CBB-22  which  carries  IgC  b  as  well 
as  C  (Chr  7)  and  B  (Chr  4)  all  of  C57BL/Ka  origin  also  develops  plasmacytomas 
more  rapidly  than  CB-20. 

A  survey  of  BALB/c  sublines  for  susceptibility  has  been  underway  for 
several  years.   BALB/JAX  which  has  been  separated  from  BALB/c  An  for  over 
40  years  is  proving  to  be  resistant.   Fifty  five  mice  purchased  from  the 
Jackson  Laboratories  failed  to  develop  plasmacytomas  12  months  after  the 
first  injection  of  pristane.   In  order  to  be  sure  no  environmental  or  non- 
specific factors  were  involved  BALB/JAX  has  now  been  bred  at  the  LBI  colony. 
BALB/JAX  is  a  poor  breeder  but  at  last  enough  mice  bred  in  the  colony  have 
been  injected  with  pristane.   In  addition  (BALB/c  An  x  BALB/JAX) F 
hybrids  are  being  tested.   In  the  first  sample  of  LBI  bred  mice  we  obtained 
plasmacytomas,  but  in  a  second,  we  had  the  same  experience  as  before 
the  BALB/JAX  is  resistant.   We  are  now  trying  to  resolve  the  question 
with  2  other  experiments  where  we  are  testing  a  large  sample  of  BALB/c  JAX 
(obtained  from  Jackson  Laboratories)  and  BALB/c  JAX  bred  at  the  LBI 
facility.   In  addition  we  are  testing  neonatal  BALB/JAX  mice  to  produce 
a  higher  yield  of  tumors  while  the  mice  are  young. 

We  have  obtained  two  other  sublines  of  BALB/c  one  from  Argonne  and 
another  from  Oak  Ridge.   Both  have  been  separated  from  our  BALB/c  mice 
for  over  40  years.   Should  sublines  of  BALB/c  be  resistant  to  plasmacytoma- 
genesis, then  susceptibility  could  be  due  to  a  recent  genetic  event, 
possibly  a  new  integration  site  for  an  MuLV  retrovirus  genome. 

5.   Abelson  virus.  In  vivo  Abelscn  virus  transforms  most  readily 
an  undifferentiated  B-lymphocyte  of  adult  mice.   Plasma  cells  can  also 
be  transformed  but  at  a  much  lower  rate.   In  earlier  studies  we  obtained 
plasmacytomas  in  10  to  20%  of  Abelson  virus  infected  pristane  conditioned 
mice;  subsequently  we  have  been  less  successful.   In  studies  with  Michael 
Pawlita  on  the  role  of  Abelson  virus  in  plasmacytomagenesis  we  have 
attempted  to  better  develop  the  _in  vitro  induction  method.   In  this  procedure 
CB-20  cells  cultured  in  vitro  are  infected  with  Abelson  virus  and  these  are 
injected  into  pristane  conditioned  BALB/c  mice.   Plasmacytomas  diagnosed 
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by  peritoneal  smears  and  the  Ig  product  characterized.  We  have  been 
studying  the  susceptibility  of  LPS-stimulated  cells  in  vitro  and  have 
suggestive  evidence  that  LPS  stimulated  splenic  cells  (no  Abelson  virus 
added)  injected  into  pristane  conditioned  mice  increased  the  incidence 
of  tumors.   These  experiments  are  being  repeated. 

6.   Oil  granuloma-growth  promotion.  The  peritoneal  oil  granuloma 
provides  an  essential  microenvironment  for  the  growth  of  primary  (early) 
plasmacytomas.   This  phenomenon  resembles  the  growth  dependency  of  certain 
endocrine  tumors,  e.g.,  estrogen  dependent  interstitial  cell  tumors  of  the 
testis.   Attempts  are  being  made  to  identify  the  factors  involved  in  growth 
dependency.   Three  factors  are  being  investigated:  1)  cell-cell  contacts 
(oil  laden  macrophage-plasmacytoma  cell)  2)  short  range  diffusable  factors 
emanating  from  inflammatory  cells  in  the  peritoneum  i.e.,  macrophages, 
3)  abrogation  of  an  immunological-surveillance  mechanism. 

In  studies  with  Mr.  R.  Nordan  primary  plasmacytoma  cells  (PCT-C)  have 
been  propagated  in  millipore  diffusion  chambers  (MDC) .   It  has  been  possible 
to  make  preparations  of  primary  plasmacytomas  that  contain  a  very  few 
macrophages,  and  these  have  grcwn  in  MDC  in  normal  and  pristane  conditioned 
mice.   There  has  been  a  consistent  increase  in  the  proliferation  of  granuloma 
dependent  primary  PCT  in  MDC  implanted  in  pristane  conditioned  mice  as 
compared  with  normals  strongly  suggesting  that  diffusable  substances 
influence  primary  plasmacytoma  growth.   Alternatively  it  is  possible  that 
normal  peritoneal  exudate  cells  produce  inhibitors  for  primary  plasmacytoma 
growth  and  that  the  injection  of  pristane  in  some  way  inhibits  these  cells. 
This  possibility  has  not  been  ruled  out.   Further  studies  will  attempt 
to  better  characterize  these  effects  with  the  hope  of  determining  the 
biochemical  nature  of  the  growth  stimulating  substance. 

We  are  currently  testing  the  effects  of  delayed  oil  (pristane) 
conditioning  on  plasmacytoma  growth,  i.e.,  pristane  is  given  5,  10,  15 
20  days  after  the  injection  of  PCT-C' s.   Primary  PCT-C  can  be  recovered 
as  long  as  10  days  after  transplantation  by  injecting  pristane.   Thus, 
primary  PCT-C  can  survive  in  the  normal  peritoneum,  suggesting  normal 
surveillance  or  immune  eliminating  mechanisms  may  play  only  a  minor  role. 

nu/nu  BALB/c  mice  resembled  BALB/c  in  conditioning  experiments.  The 
absence  of  T-lymphocytes  did  not  permit  primary  PCT-C  to  grow  in  intact 
nu/nu.   These  results  suggest  T-lymphocytes  play  a  minor  or  negligible 
role  in  pristane  conditioning  (experiments  with  R.  Nordan) . 

We  have  continued  testing  other  substances  for  their  ability  to 
induce  favorable  environment  for  primary  plasmacytoma  growth.   Previous 
studies  showed  that  thioglycollate  medium  was  ineffective.  We  have  completed 
one  study  using  ALP04  absorbed  Diphtheria-tetanus  toxoid  (DPT)  vaccine 
(licensed  for  clinical  use) .   DPT  produces  a  chronic  change  in  the 
peritoneum  and  did  effectively  support  the  growth  of  one  primary  plasma- 
cytoma.  We  have  3  additional  experiments  underway,  and  further  are  now 
testing  DPT  as  a  potential  plasmacytomagenic  agent  in  BALB/c. 
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The  overall  concept  of  plasmacytomagenesis  in  the  BALB/c  mouse 
is  that  the  primary  genetic  constitution  predisposes  BALB/c  B-lymphocytes 
to  generate  "mutant"  cells.   Normally  these  cells  never  become  tumors,  but 
under  appropriate  conditions,  i.e.,  production  of  a  peritoneal  granuloma 
these  mutant  cells  are  1)  expanded  by  stimulated  proliferation  and  2)  able 
to  grow  in  the  abnormal  microenvironment.   We  are  fortunate  in  having  a 
short  but  clearly  detectable  growth  dependent  phase  (dependence  of  primary 
PCT  on  the  oil  granuloma)  and  need  now  to  characterize  more  of  the  critical 
steps. 

Immunochemistry  and  genetics  of  immunoglobulins 

1.  Vk-isotypes.   The  Vk  structures  produced  in  the  BALB/c  mouse 
have  a  diversity  of  structures  in  the  first  framework  region  of  the  chain 
(positions  1  to  23) .   Amino  acid  sequence  analysis  of  this  segment  can 
potentially  provide  data  on  the  number  of  Vk-genes  in  the  BALB/c  genome. 
Seventeen  new  Vk-partial  sequences  have  been  completed  by  S.  Rudikoff . 

We  have  sent  these  sequences  to  Drs.  E.  Haber  and  John  Newell,  Massachusetts 
General  Hospital,  who  are  analyzing  them  for  relatedness  and  the  construction 
of  a  dendrogram  based  on  the  number  of  nucleotide  differences.   It  is 
•anticipated  this  dendrogram  will  provide  a  basis  for  predicting  the  total 
number  of  BALB/c-k  genes. 

2.  Structure  of  galactan  binding  myeloma  proteins  (GALBMP) .   Complete 
V-region  structures  of  four  galactan  binding  myeloma  proteins  have  been 
determined  by  S.  Rudikoff.   Some  progress  has  been  made  by  Dr.  D.R.  Davies 
and  his  group  in  solving  the  structure  of  one  of  these  J539.   Hypothetical 
model  building  offers  new  approaches  to  determining  3  dimensional  structures. 
Models  are  made  by  modifying  segments  of  V-regions  utilizing  when  possible 
known  secondary  structures.   A  new  approach  is  being  attempted  in  studies 
with  Richard  Feldmann  using  a  computerized  program,  in  which  3  dimensional 
space  filling  models  can  be  graphically  depicted  from  a-carbon  coordinates. 
To  derive  a  new  Ig-V  structure  from  a  determined  structure  requires  an 
analysis  of  the  amino  acid  side  chain  contacts,  in  the  substituted  molecule 
Richard  Feldmann  has  worked  out  a  computer  program  for  this  process  and 

has  analyzed  J539,  and  found  a  minimal  number  of  contacts  with  all  substi- 
tutions in  place.   The  first  J539  model  has  been  completed.   In  collaboration 
with  C.P.J.  Glaudemans,  two  forms  of  the  hapten  81,6-galactotriose  (Gal3) 
has  been  constructed  from  existing  crystallographic  data  and  we  have  attempted 
to  fit  this  hapten  in  the  J539  binding  site  region.   The  frontal  surface  of  • 
J539  has  a  large  cleft  like  depression  that  runs  horizontally  and  is 
bordered  on  one  side  by  Wu-Kabat  complementarity  determining  region  (CDR) 
#2  of  the  heavy  chain  (H-2)  and  the  first  and  third  CDR's  of  the  L-chain 
(LI  and  L3) .   We  also  considered  a  third  region  in  CDR-3  of  V   (H-3) . 
Recently  S.  Rudikoff  completed  the  sequence  of  SAPC-10  another  GAIBMP 
and  this  protein  in  contrast  to  all  the  others  lacks  available  H-bond 
accepting  amino  acids  in  H-3. 
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H2  and  L3  and  LI  contain  clusters  of  hydrogen  bond  accepting  amino 
acids.   Further,  these  two  centers  flank  two  tryptophanes,  one  from 
VL  and  one  from  VH.   When  J539  (and  other  galactan  binding  myeloma  proteins) 
bind  their  haptens  the  fluorescence  of  the  J539  changes  in  the  wavelength 
of  tryptophan  implying  that  binding  site  is  close  to  tryptophanes.   Since 
these  are  the  only  two  available  tryptophans  this  general  region  is 
probably  the  location  of  the  galactan  binding  site.   Using  the  computer 
display  system,  in  which  a  part  of  J539  frontal  surface  and  Gal3  are 
projected  it  is  possible  to  explore  a  large  number  of  binding  positions. 
This  is  done  by  moving  Gal3  while  J539  is  stationary.  We  sought  positions 
in  which  the  oxygens  of  the  terminal  sugar  and  the  reducing  sugar  were 
approximately  4A  away  from  one  or  more  H-bond  accepting  amino  acid  side 
chains  of  J539.   We  have  identified  with  one  conformation  of  Gal3  a 
position  with  these  characteristics. 

In  other  studies  we  are  attempting  to  locate  idiotypes  on  GALBMP. 
The  series  of  GALBMP  present  an  approach  to  identifying  the  location  of 
idiotypes.  These  proteins  are  structurally  close  relatives  but  each 
differs  from  the  others  by  3  to  10  amino  acids.   Many  of  these  differences 
are  located  in  "D"  or  J-regions.  The  X24  individual  idiotype  is  located 
in  the  H-2  region,  and  the  surrounding  structure  is  probably  involved  in 
forming  the  idiotype.  We  hope  to  study  this  idiotype  in  much  greater 
detail  by  obtaining  and  determining  the  structure  of  a  hybridoma  that 
binds  the  X24  idiotype. 

3.   Studies  with  the  genus  Mus.  We  are  currently  studying  the 
distribution  of  V-region  antigenic  markers  (idiotypes)  in  the  genus  Mus. 
In  collaboration  with  R.  Lieberman,  NIAID,  we  are  determining  the 
distribution  of  the  T15,  CBBPC-3,  and  Levan  idiotypes.   This  work  is  nearing 
completion.  The  distribution  of  the  M467  (flagellin  marker)  has  been  done 
with  Dr.  A.M.  Smith.   In  these  studies  and  others  idiotypes  shared  by 
hapten-binding  myeloma  proteins  and  antibodies  with  the  same  specificity 
have  been  found  widely  distributed  in  the  genus  Mus,  indicating  these 
structures  have  been  conserved  over  extensive  periods  of  evolution. 

Currently  Dr.  M.  Pawlita  is  attempting  to  make  a  homogeneous  anti 
XRPC24  idiotypic  serum  using  the  hybridoma  technique.   We  shall  then, 
hopefully  obtain  enough  of  this  antibody  for  sequencing.  If  successful, 
we  should  then  have  a  defined  protein-protein  interacting  system  that 
could  be  analyzed  3-dimensionally  with  space  filling  models. 

Protein-protein  interactions  are  probably  involved  in  a  large 
proportion  of  antigen-antibody  interactions.  A  fundamental  and  unanswered 
question^  concerns  how  much  of  the  surface  of  the  Ig  is  involved  in  binding. 
Thus  far  we  have  only  hapten-protein  interactions  available  for  study. 
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Results: 

I.   Purification  and  Properties  of  H-2 

The  purification  of  H-2  from  RBL-5  tumor  cells  was  reported  and 
initial  studies  on  the  chemical  structure  of  the  molecule  have  been  completed. 
The  purification  protocol  was  modified  to  provide  a  greater  proportion  of 
H-2D  in  the  purified  material.   It  was  found  that  the  most  purified  material 
actually  contained  two  species  of  H-2K  whose  heavy  chains  differed  in 
molecular  weight  by  3000  daltons.   This  3000  dalton  peptide  is  apparently 
lost  from  the  carboxyl  terminus  since  both  species  of  H-2K  yield  the  same 
size  amino  terminal  papain  fragment.   The  3000  dalton  peptide  does  not      , 
include  the  hydrophobic  membrane  binding  segment,  since  both  species  of  H-2K 
bind  readily  to  membranes. 

Only  a  single  species  of  H-2D  was  found  whose  heavy  chain  had  the  same 
molecular  weight  as  the  heavier  H-2K  molecule  (50,000).   It  was  observed 
that' the  papain  fragment  of  H-2D  was  2000  daltons  larger  than  the  papain 
fragment  of  H-2K  and  that  a  species  of  intermediate  molecular  weight  was 
also  produced  by  papain.   The  probable  structure  of  both  H-2D  and  H-2K 
indicated  by  these  studies  is  shown  below  compared  to  the  structure  of  HLA. 

Molecular  Weight  in  Thousands  of  Daltons  (Exclusive  of 
Carbohydrate  and  Tryptophan) 


\  i   '  )  i  i  i  n  '  |  i  i  i  t  i  i  i  i  ■  j  t  i  i  i  i  i 


H-2Kb 


papain  cleavage  site 


3^   microglobulin 


H-2Db 

$2  microglobulin 

HLA 

S  microglobulin 

II.   Binding  of  H-2   to  Artificial  Membranes 

The  most  purified  preparations  of  H-2   could  be  incorporated  into 
artificial  membranes  (liposomes)  prepared  from  egg  lecithin.   The  papain 
fragment  of  H-2  would  not  bind  to  the  artificial  membranes  thus 
implicating  the  carboxyl  terminal  6000  dalton  segment  of  H-2K  as  the 
membrane  binding  segment.   H-2   could  be  incorporated  into  the  liposomes 
by  either  a  detergent  dialysis  procedure  or  simply  by  incubating  preformed 
liposomes  and  H-2   together  at  4°  in  the  absence  of  detergents.   At  least  60% 
of  the  H-2  was  oriented  with  the  hydrophilic,  antigenic  portions  extending 
away  from  the  liposome  into  solution.   Some  of  the  H-2  ,  however,  was 
oriented  toward  the  inside  of  the  liposomes.   A  portion  of  the  H-2   that, 
was  bound  to  liposomes  was  very  resistant  to  papain,  but  most  of  the  H-2 
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was  readily  digested  from  the  liposomes  and  yielded  a  typical  papain 
fragment.   In  summary,  it  appears  that  purified  dH-2  bound  to  liposomes 
has  properties  which  are  very  similar  to  H-2  as  it  is  found  on  the  plasma 
membrane.   These  artificial  liposomes  containing  H-2  will  be  used  to  examine 
the  interactions  of  H-2  antigens  with  lymphoid  cells. 

III.   Purification  of  TSTA  from  Methylcholanthrene  Induced  Tumors 

Meth  A  and  CI4  are  two  methylcholanthrene  induced  tumors  of  BALB/c  origin. 
Both  have  strong  TSTA's  which  do  not  cross  react  and  both  grow  as  prolific 
ascites.   The  plan  is  to  purify  the  TSTA's  from  each  tumor  to  a  certain  stage 
using  conventional  biochemical  techniques  and  monitoring  the  antigens  with 
an  in  vivo  tumor  rejection  assay.   These  preparations  will  then  be  used  to 
immunize  rabbits.   Ideally,  most  of  the  impurities  present  at  this  stage 
will  be  common  to  both  tumors  because  of  their  similar  origin.   Therefore 
the  antiserum  against  CI4  can  be  used  to  absorb  the  impurities  from  Meth  A, 
leaving  the  TSTA  as  the  only  unique  protein.   So  far,  the  purification  has 
proceeded  through  2  steps  for  both  tumors;  extraction  and  gel  filtration. 
We  have  found  that  for  both  tumors,  the  majority  of  the  TSTA  is  present 
as  a  soluble,  cytoplasmic  protein,  thus  facilitating  purification. 
Interestingly,  the  cytoplasmic  antigen  is  capable  of  binding  to  artificial 
membranes  as  well  as  the  antigen  solubilized  from  membranes.   Both  TSTA's  tend 
to  aggregate  and  gel  filtration  must  be  performed  in  the  presence  of  high 
salt  and  dithiothreitol  to  achieve  purification.   The  next  step  will  be 
isoelectric  focusing  which  should  yield  a  preparation  pure  enough  to  immunize 
rabbits. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  is  the  long  range  purpose  of  this  project  to  study  the  control 
mechanisms  important  in  regulating  protein  synthesis  in  normal  and  malignant 
cells.  The  organization  of  immunoglobulin  light  and  heavy  chain  genes  and  the 
control  mechanisms  active  in  selecting  those  being  transcribed  and  those  which 
are  expressed  in  protein  synthesis  are  being  studied.  Particular  attention  has 
been  devoted  to  the  molecular  biology  of  mouse  IgD  since  our  identification 
during  the  past  year  of  the  first  two  mouse  plasmacytomas  that  secrete  this  clas£ 
of  Ig.  The  nature  of  the  two  IgD  myeloma  proteins,  their  glycosylation  during 
biosynthesis  and  secretion,  and  their  antigenic  properties  have  been  investiga- 
ted. mRNA  for  the  IgD  heavy  chain  has  been  prepared  from  one  tumor  and  used  to 
synthesize  cDNA.  This  cDNA  has  been  cloned  in  bacteria  and  used  to  isolate  a 
genomic  DNA  clone  containing  the  IgD  heavy  chain.  The  DNA  sequence  of  the  cDNA 
clone  and  the  genomic  clone  have  been  partially  completed.  The  IgD  heavy  chain 
constant  region  gene  has  been  found  to  be  close  to  the  IgM  constant  region  gene 
in  mouse  liver  DNA.  The  transcription  of  these  genes  is  being  studied. 
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Methods  Employed : 

IgD  myeloma  proteins  were  purified  from  TEPC  1017  and  TEPC  1033  ascites 
by  NH.SO,  precipitation  and  DEAE  cellulose  chromatography.  Class  specific 
and  tumor  specific  antibodies  were  prepared  in  rabbits  and  made  monospecific 
by  absorption.  Biosynthesis  and  glycosylation  of  these  proteins  were 
studied  by  culturing  the  plasmacytoma  cells  in  the  presence  of  radioactive 
amino  acids  with  and  without  tunicamycin  to  inhibit  glycosylation.   mRNA 
was  prepared  by  phenol  extraction  of  tumor  tissue,  oligo(dT) cellulose 
chromatography  and  sucrose  gradient  centrifugation.   The  mRNA  was  assayed  in  a 
rabbit  reticulocyte  lysate  cell  free  system.   cDNA  was  created  using  reverse 
transcriptase  and  oligo (dT) primer .   It  was  double  stranded  using  DNA 
polymerase  I  and  treated  with  SI  nuclease.   This  was  inserted  into  Pst  I 
digested  plasmid  pBR322  and  cloned  in  E.  coli  C600-SF8.   Clones  were  screened 
by  colony  hybridization  using   P  labeled  mRNA.  Cloned  plasmid  DNAs  were 
mapped  by  restriction  endonuclease  digestion,  agarose  and  polyacrylamide  gel 
electrophoresis,  transfer  to  nitrocellulose  and  diazotized  paper,  and 
hybridization.   DNA  sequencing  was  performed  using  the  Maxan-Gilbert  approach. 
Genomic  clones  were  prepared  from  partial  ECoRI  and  Mbol  digests  of  mouse 
liver  and  tumor  chromosomal  DNA  in  Charon  4A  and  Charon  28  bacteriophages. 
cDNA  clones  were  shown  to  contain  <5  chain  DNA  by  their  hybridization  selection 
of  mRNA  which  could  be  translated  into  immunoprecipitable  6  chains.   mRNA  was 
isolated  from  cytoplasms  and  nuclei  of  tumors  and  spleens  and  studied  by 
methyl  mercury  hydroxide  agarose  gel  electrophoresis. 

Major  Findings: 

Mouse  myelomas  synthesize  6  chain  with  MW  of  about  43,000  daltons. 
Post  translational  processing  includes  removal  of  a  small  amino  terminal 
leader  sequence,  and  at  least  two  additions  of  carbohydrate.   The  secreted 
IgD  has  a  heavy  chain  with  an  apparent  MW  of  60,000  daltons  and,  when 
membrane  bound,  has  an  apparent  MW  of  65,000  daltons.   Each  IgD  myeloma 
protein  has  idiotypic  and  isotypic  antigenic  determinants  suggesting  that 
it  contains  variable  and  constant  regions. 

Two  bacterial  clones  have  been  identified  containing  plasmids  bearing 

inserts  of  6  chain  DNA.   DNA  sequence  studies  of  these  plasmids  have 

provided  the  first  information  on  the  primary  structure  of  mouse  5  chains. 

A  substantial  homology  was  found  with  the  protein  structure  of  human  6  chain 

C  3  (personal  communication  from  Drs.  Frank  W.  Putnam  and  L.P.  Lin)  but 

virtually  none  exists  between  the  C.,2  domains  of  mouse  and  human  6. 

H. 

The  isolation  of  the  genomic  clone  of  6  chain  has  permitted  the 
unambiguous  determination  of  the  order  of  two  Ig  constant  region  genes 
since  both  u  and  5  chain  genes  were  found  on  the  same  cloned  fragment  of 
chromosomal  DNA.  The  5'  to  3'  order  indicated  by  this  clone  is  y-6  ,  and 
the  two  constant  region  genes  are  no  more  than  5  kilobase  pairs  apart. 
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Significance  and  Proposed  Course: 

Continued  studies  on  the  DNA  sequence  of  the  <5  cDNA  and  genomic  clones 
will  soon  elucidate  how  this  important  Ig  isotype  is  organized  at  the  DNA 
level.   Important  questions  that  can  be  answered  include:   does  <5  chain 
have  J  segments  at  its  5'  end;  does  it  have  a  CI,  extended  hinge,  C  2 
and  C  3  domains  like  human  6  chains;  does  it  have  a  C  4  or  membrane 
binding  domain  to  permit  some  IgD  molecules  to  be  inserted  in  the  cell 
membrane  of  early  B  cells. 

Studies  of  the  nuclear  RNA  transcripts  of  the  IgD  plasmacytomas  as  well 
as  their  cytoplasmic  RNAs  by  electrophoresis,  transfer  and  hybridization  with 
the  cDNA  5  probe  and  probes  from  portions  of  the  genomic  <5  clone  will  allow 
us  to  analyze  how  this  Ig  RNA  is  processed  after  transcription.   The  existence 
of  a  single  transcript  containing  both  u  and  <5  information,  with  probably 
only  one  V  and  J  region,  has  been  postulated  to  explain  the  frequent  finding 
of  both  IgM  and  IgD  on  the  surface  of  spleen  B  cells.   Such  a  transcript  will 
be  looked  for  in  nuclear  RNA  from  B  cell  tumors  that  have  IgM  +  IgD  on 
their  surfaces  and  from  normal  spleens.   The  possible  existence  of  separate 

6  chain  mRNAs  for  secreted  IgD  and  membrane  bound  IgD  will  also  be 
investigated  using  these  tissues  and  these  probes. 

Using  the  genomic  &    clone  as  a  starting  point,  successive  isolations  of 
overlapping  clones  in  the  3'  direction  (away  from  the  u  gene)  should  permit 
a  "walking  the  genome"  experiment  to  determine  the  order  of  the  genes  for 
all  the  other  classes  of  mouse  Ig  heavy  chains. 

Publications : 


Marini,  M.S.  and  Mushinski,  J.F.  :   Transfer  ribonucleic  acids  from  eleven 
immunoglobulin  secreting  mouse  plasmacytomas  -  constant  and  variable 
chromatographic  profiles  compared  with  the  myeloma  protein  sequences. 
Biochim.  Biophys.  Acta  562:  252-270,1979. 

Marini,  M. ,  Muldoon,  W.P.,  and  Mushinski,  J.F. :   Biochemical  changes  induced 
by  tumors  at  distant  sites:  altered  transfer  RNA  profiles  in  livers  of 
mice  bearing  plasmacytomas.   Cancer  Letters  8:  177-181,  1979. 

Mushinski,  J.F.,  Koziol,  J. A.,  and  Marini,  M.S.:   Cluster  analysis  of  amino- 
acyl-tRNAs  from  mouse  plasmacytomas  correlates  chromatographic  profiles 
with  myeloma  protein  similarity,  clonal  origin  of  tumor  lines,  and  the 
neoplastic  nature  of  the  tissues.   J.  Theoret.  Biology,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

1.  Mechanism  for  tumor  cell-induced  immunosuppression  and  reversal  of 
immunosuppression  by  macrophages:   Some  tumor  cells  are  found  to  be  directly 
suppressive  for  T  cell-mediated  immune  response.   After  immune  response  has  been 
initiated,  tumor  cells  can  recruit  host  macrophages  to  induce  suppression.   How- 
ever, if  peritoneal  macrophages  are  present  at  the  onset  of  the  immune  response, 
these  macrophages  can  reverse  the  immuno-suppressive  effect  of  tumor  cells.   On 
studying  the  mechanism  for  these  phenomena,  it  has  been  revealed  that  suppres- 
sion and  reversal  of  suppression  are  critically  dependent  on  the  interactions 
among  two  populations  of  macrophages  (splenic  and  peritoneal) ,   T  cells  and 
tumor  cells.   The  outcome  may  determine  the  fate  of  host  immunity  against  tumor 
growth. 

2.  Immunocompetence  of  tumor  bearers:   The  effect  of  tumor  cells  on  var- 
ious populations  of  host  lymphoid  cells  varies.   The  functions  of  some  lympho- 
cytes in  tumor  bearers  are  suppressed  by  the  presence  of  tumor  cells  whereas 
other  functions  may  be  enhanced.   Further,  the  net  effect  of  the  presence  of 
tumor  cells  may  depend  on  the  interactions  of  various  populations  of  lymphocytes 
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Project  Description: 


Objectives:   1)   Immunosuppression  by  tumor  cells;  2)   Reversal  of 

immunosuppression;  3)   Immunocompetence  of  tumor  bearers;  4)   Immunoregu- 

latory  circuit  among  macrophage  subsets  and  T  cell  response  to  tumor 

cells;  5)   mechanisms  for  the  induction  of  in  vivo  tumor  immunity. 

Methods  Employed:   Tumor  cells  transformed  by  oncogenic  viruses, 
chemicals  or  unknown  agents  are  kept  in  tissue  culture  or  as  trans- 
planted tumors  in  mice.   The    IUdR  release  assay  was  used  to  measure 
the  cell  mediated  cytotoxic  response  in  vitro ,  and  the  adoptive  transfer 
experiment  was  used  to  measure  the  cell-mediated  cytotoxic  response  in 
vivo. 

Major  Findings: 

I.  Immunosuppression  by  tumor  cells  and  reversal  of  immunosuppres- 
sion by  macrophages:   Some  tumor  cells  are  suppressive  for  T  cell-media- 
ted cytotoxic  responses  both  in  the  syngeneic  system  against  tumor 
associated  antigens  and  in  the  allogeneic  system  against  alloantigens . 
The  suppressive  factors  isolated  from  tumor  cells  can  be  of  either  viral 
origin  or  nonviral  origin.   The  viral  component  is  most  likely  to  be  of 
endogenous  origin.   To  combat  the  immunosuppressive  effect  of  tumor 
cells,  the  host  can  use  macrophages  to  reverse  the  immunosuppression.   It 
has  been  further  determined  that  only  the  macrophages  derived  from  the 
peritoneal  cavity  possess  this  capability. 

II.  Immunoregulatory  circuit  among  macrophage  subsets  and  T-cell 
mediated  cytotoxic  response  against  allogeneic  tumors:   A  high  dose  of 
tumor  cells  can  directly  suppress  T  cell-mediated  immunity.   In  the 
presence  of  a  nonsuppressive  dose  of  tumor  cells,  suppression  of  T  cell 
response  can  be  induced  through  host  macrophages.   It  has  been  further 
determined  that  this  tumor  cell  triggered  macrophage-mediated  suppression 
requires  the  collaboration  of  two  subsets  of  macrophages:   splenic  and 
peritoneal  macrophages.   Suppression  can  be  induced  only  if  splenic 
macrophages  are  preexposed  to  tumor  cells  and  then  the  suppressor  mech- 
anism is  triggered  by  further  interaction  with  peritoneal  macrophages. 
Preexposure  of  peritoneal  macrophages  to  tumor  cells  prevents  the  induc- 
tion of  suppression  by  tumor  cells.   It  appears  that  macrophages  play  a 
critical  role  in  the  regulation  of  T  cell  response  to  tumor  cells. 

III.  Immunocompetence  of  tumor  bearers:   Various  cellular  compart- 
ments of  the  immune  system  show  different  degrees  of  susceptibility  to 
tumor  cell  suppression.   This  can  be  best  studied  by  comparison  of  the 
immunocompetence  of  various  cellular  compartments  in  normal  and  in 
tumor  bearing  hosts.   It  has  been  found  that  not  only  is  there  no  de- 
crease in  the  the  ability  of  tumor  bearers'  peritoneal  macrophages  to 
reverse  the  immunosuppressive  effect  of  tumor  cells,  this  ability  is 
actually  higher  in  the  tumor  bearers.   In  contrast,  the  splenic  macro- 
phages of  tumor  bearers  are  found  to  be  suppressive  for  T  cell-mediated 
immunity.   This  is  shown  by  their  ability  to  interfere  with  the  peri- 
toneal macrophages  to  reverse  the  immunosuppressive  effect  of  tumor 
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cells,  and  to  increase  the  susceptibility  to  tumor  cell  suppression. 
These  findings  demonstrate  the  dichotomy  of  macrophage  function.   Further- 
more, T  cell-mediated  cytotoxic  response  is  largely  intact  in  tumor 
bearers  if  the  response  is  performed  in  an  in  vitro  tumor  free  environ- 
ment.  However,  this  T  cell  response  is  greatly  reduced  in  the  presence 
of  tumor  cells  either  in  vitro  or  in  vivo.   Therefore,  immune  response  in 
tumor  bearers  is  also  dependent  upon  the  interaction  among  various  lym- 
phoid cellular  elements  and  the  tumor  cells. 

IV.   Development  of  specific  tumor  immunity  in  tumor  bearing  hosts. 
Lymphocytes  obtained  from  the  C57BL/6  mice  bearing  progressively  growing, 
syngeneic  ascites  leukemia  FBL-3  give  specific  cytotoxicity  against  FBL-3 
cells.   The  lymphocytes  isolated  from  tumor  site  (ascites)  are  extremely 
potent  in  mediating  in  vitro  cytotoxicity  and  in  vivo  tumor  immunity. 
This  finding  shows  that  the  development  of  progressive  tumor  growth  is 
not  due  to  the  lack  of  specific  tumor  immunity.   There  are  other  factors 
which  may  also  determine  the  fate  of  tumor  growth. 

Significance  for  Biomedical  Research  and  the  Programs  of  the  National 
Cancer  Institute: 

The  understanding  of  the  mechanism  concerning  immunosuppression  by 
tumor  cells  should  help  the  investigators  to  find  means  to  overcome  this 
problem  which  hampers  the  induction  of  efficent  tumor  immunity.   Our 
findings  concerning  the  regulation  by  macrophages  of  the  T  cell-mediated 
immunity  against  tumor  cells  may  reveal  a  unique  mechanism  used  by  tumor 
cells  to  evade  the  host  immune  surveillance  network.   If  the  host  can  check 
the  tumor  cells  before  they  get  a  chance  to  evade  the  host  defense 
mechanism,  then  one  may  be  able  to  control  the  progression  of  tumor 
growth. 

Proposed  Course: 

I.  To  further  study  the  mechanism  for  the  tumor  cell  triggered 
macrophage-mediated  immunosuppression.  To  determine  how  tumor  cells 
evade  the  host  immune  surveillance  network. 

II.  To  study  the  development  of  specific  tumor  immunity  in  tumor 
bearing  hosts,  and  the  factors  governing  the  fate  of  tumor  growth. 

III.  A  study  of  immunocompetence  in  normal  versus  tumor  bearing  hosts. 
Publications: 

Ting,  C.C.,  Rodrigues,  D. ,  Ting,  R.C.,  Wivel,  N.,  and  Collins,  M.J.: 
Suppression  of  T  cell-mediated  immunity  by  tumor  cells:  immunogeneity 
versus  immunosuppression  and  preliminary  characterization  of  the  suppres- 
sive factors.   Int.  J.  Cancer  24:644-655,  1979. 

Ting,  C.C.,  and  Rodrigues,  D. :   Reversal  by  peritoneal  adherent  cells  of 
tumor  cell  suppression  of  T  cell-mediated  immunity.   J.  Immunol.  123:801- 
807,  1979. 
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Ting,  C.C.,  and  Rodrigues,  D. :   Evaluation  of  the  immuno competence  of 
macrophages  and  the  generation  of  T  cell-mediated  cytotoxic  response 
against  allogeneic  tumor  cells  in  tumor  bearers.   Int.  J.  Cancer  25:243-249. 
1980. 

Ting,  C.C.,  and  Rodrigues,  D. :   Immunoregulatory  circuit  among  macrophage 
subsets  for  T  cell-mediated  cytotoxic  response  to  tumor  cells.   J.  Immunol. 
124:1039-1044,  1980 

Ting,  C.C.,  and  Rodrigues,  D. :   Increased  susceptibility  to  tumor  cell 
immunosuppressive  effect  in  tumor  bearing  hosts.   J.  Nat.  Cancer  Inst., 
In  press. 

Ting,  C.C.,  Natori,  T. ,  Igarashi,  T.,  Rodrigues,  D.,  and  Kanellopoulos- 
Langevin,  C. :   Augmentation  by  serum- induced  helper  cells  of  T  cell- 
mediated  cytotoxic  response  against  tumor  associated  antigens  and  allo- 
antigens.   In  Vitro,  In  press. 
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SUMMARY  OF  SIGNIFICANT  ACTIVITIES 

NATIONAL  CANCER  INSTITUTE 

October  1,  1979  through  September  30,  1980 


The  clinical  research  program  of  the  Metabolism  Branch  is  directed 
toward  two  major  goals.   The  first  is  to  define  host  factors  that  result 
in  a  high  incidence  of  neoplasia.   In  this  area,  a  broad  range  of 
immunological  Investigations  are  carried  out  in  patients  with  malignancy, 
in  patients  with  immune  deficiency  diseases  and  a  high  incidence  of 
neoplasia  as  well  as  in  experimental  animal  systems  to  determine  the  nature 
of  immune  processes  that  are  of  importance  in  the  surveillance  against 
neoplastic  cells  and  to  define  the  nature  of  defects  in  the  immunological 
system  that  result  in  an  Increased  Incidence  of  neoplasia.  Major  efforts 
in  this  area  are  also  directed  toward:   1)  Defining  events  of  cellular 
maturation,  cellular  interaction  and  cellular  biosynthesis  involved  in 
the  normal  circulating  antibody  response.   Specific  emphasis  is  placed  on 
studies  of  the  genes  and  their  rearrangements  that  control  immunoglobulin 
synthesis  and  on  the  action  of  immunoregulatory  cells  including  helper  T 
cells,  suppressor  T  cells  and  macrophages  that  regulate  antibody  responses 
and  on  studies  of  disorders  of  these  immunoregulatory  cell  interactions 
in  patients  with  immune  dysfunction.   2)  Identification  of  unique  cell 
surface  determinants  on  subpopulations  of  lymphoid  cells  with  different 
functional  capabilities.   3)  The  genetic  control  of  the  immune  response 
especially  as  related  to  the  immune  response  genes  associated  with  the 
major  histocompatibility  complex.   4)  Studies  of  the  mechanism  of  action 
of  various  cytotoxic  cells  and  their  contribution  to  host  defense. 
5)  Detection  of  circulating  tumor  associated  antigens.   The  second  major 
goal  of  the  Branch  is  to  determine  the  physiological  and  biochemical 
effects  that  a  tumor  produces  on  the  metabolism  of  the  host.   Both  patients 
with  neoplastic  disease  as  well  as  those  with  non-neoplastic  disorders 
that  facilitate  the  development  of  techniques  for  the  study  of  cell 
membranes,  homeostatic  mechanisms  and  metabolic  derrangements  of  biochemical 
control  mechanisms  are  being  investigated.   Within  this  area  a  special 
emphasis  is  laid  on  the  biochemical  events  accompanying  normal  growth  and 
the  hormonal  control  of  this  growth  as  it  relates  to  our  understanding  of 
malignant  growth  and  on  the  metabolism  of  proline  and  the  porphyrins. 

Immunoregulatory  Cell  Interactions  in  Immune  Response 

A  major  effort  of  the  Metabolism  Branch  over  the  past  few  years  has 
been  directed  toward  defining  the  major  events  of  cellular  differentiation, 
cellular  interaction  and  cellular  biosynthesis  involved  in  the  specific 
circulating  immune  resopnse.   These  studies  have  placed  special  emphasis 
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on  defining  the  defects  of  B  cell  genes  controlling  immunoglobulin 
synthesis  and  of  regulatory  T  cell  and  macrophage  interaction  with  B 
lymphocytes  and  plasma  cells  that  occur  in  patients  with  primary 
immunodeficiency  diseases  associated  with  a  high  incidence  of  malignancy, 
in  patients  with  autoimmune  disorders  as  well  as  in  patients  with 
malignancies  of  the  T  or  B  lymphocyte  systems.   Overall  these  studies 
were  directed  at  defining  the  factors  in  normal  and  abnormal  states 
controlling  the  production  of  antibodies  and  the  synthesis  of  the 
immunoglobulin  molecules.   Cells  that  ultimately  produce  antibodies 
undergo  sequential  maturation  from  stem  cells  in  the  marrow  to  B  lymphocytes 
and  then  from  B  lymphocytes  into  immunoglobulin  synthesizing  plasms  cells. 

The  earliest  events  of  maturation  of  stem  cells  into  B  cells  involve 
rearrangements  of  the  genes  coding  for  the  appropriate  light  and  heavy 
immunogloublin  chains.   These  events  have  been  examined  for  human  cells 
in  collaboration  with  Dr.  Philipp  Heder  and  Dr.  Phillip  Lieter.   Human 
light  chain  genes  exist  as  discontinuous  gene  segments  of  V  (variable), 
J  (joining),  and  C  (constant)  regions  in  the  germline  state.   During  marutaion 
of  stemm  cells  into  B  cells  a  rearrangement  occurs  in  the  expressed  gene 
bringing  a  single  V  region  in  contiguity  with  a  specific  J  region.   32p 
labeled  clones  of  human  kappa  (C^)  and  lambda  (C)  constant  region  genes 
were  used  as  probes  to  study  gene  rearrangements  in  lymphocytes  from  9 
chronic  lymphocytic  leukemia  patients,  7  Epstein-Barr  virus  transformed 
and  3  spontaneous  B-cell  lines.   Genomic  DNA  was  extracted  from  these 
cells  digested  with  the  restriction  endonucleases  known  to  demonstrate 
both  rearranged  and  germline  alleles,  and  hybridized  with  the  probes.   Cjr 
exists  as  a  single  gene  in  man.   The  BamHI  digests  of  all  8  kappa  expressing 
B-cells  demonstrated  at  least  one  rearranged  kappa  allele.   Four  displayed 
a  remaining  germline  allele,  while  2  had  double  rearrangements  and  2  had 
deleted  the  other  allele.   Four  C  \    genes  were  shown  to  exist  in  each 
individual  in  at  least  2  germline  patterns  due  to  polymorphism.   EcoRl 
digests  of  all  11  expressing  B-cells  showed  a  rearranged  allele  (3  displayed 
double  rearrangements)  not  seen  in  fibroblasts  or  T-cells  from  the  same 
individual.   Nine  A.  expressing  B-cells  had  deleted  their  C^  gene  which 
was  present  in  germline  cells  from  these  individuals.   Thus,  human  B- 
cells  rearrange  their  expressed  allele  and  may  retain,  rearrange,  or 
delete  the  nonexpressed  allele.   Unexpectedly,  Cjj  was  deleted  in  A 
expressing  B-cells. 

The  further  maturation  of  B  cells  into  plasma  cells  is  carefully 
regulated  both  positively  and  negatively  by  distinct  subpopulations  of 
lymphoid  cells.   Specifically  many  antigens  and  mitogens  require  the 
presence  of  both  helper  lymphocytes  of  thymic  origin  (helper  T  cells)  and 
macrophages  as  well  as  the  B  cells  to  induce  a  full  antibody  response. 
More  recently  it  has  been  recognized  that  a  separate  class  of  thymic 
derived  cells,  suppressor  T  cells,  may  act  as  negative  regulators  of  B 
cell  maturation  inhibiting  this  process.   We  and  others  have  shown  that 
suppressor  T  cells  emerge  from  the  thymus  as  inactive  prosuppressor  cells 
that  require  an  interaction  with  another  T  cell  (termed  a  suppressor 
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inducer  or  activator)  in  order  to  become  a  final  effector  of  suppression. 
To  study  these  events  we  have  developed  a  series  of  techniques  to  study 
the  terminal  differentiation  of  B  cells  into  immunoglobulin  synthesizing 
and  secreting  cells,  techniques  to  assess  helper  T  cell  function,  and  to 
detect  both  increased  and  decreased  functional  activities  of  suppressor 
effector  T  cells  and  their  precursors  and  activators.  Previously,  we 
used  a  single  basic  procedure  for  these  determinations  in  which  peripheral 
blood  lymphocytes  were  cultured  in  vitro  with  pokeweed  mitogen  a  polyclonal 
activator  and  the  IgG,  IgA,  and  IgM  synthesized  and  secreted  by  these  cells 
was  quantitated  using  radioimmunoassay  procedures.   Pokeweed  mitogen  is  a 
prototype  of  a  thymic  and  macrophage  dependent  activator  of  B  cells  that 
also  has  the  capacity  to  activate  some  prosuppressor  cells  to  effectors 
of  suppression.   Streptolysen  0,  staphyloccocal  phage  lysate  and  wheat 
germ  agglutinin  are  also  T  dependent  B  cell  activators  whereas  Nocarida 
water  soluble  mitogen  and  the  Epstein-Barr  virus  are  relatively  T  cell 
independent  polyclonal  activators  of  B  cells. 

Over  the  past  year  a  series  of  additional  approaches  have  been 
developed  to  assess  in  vitro  immunoglobulin  production  including  techniques 
that  permit  quantitation  of  immunoglobulin  secreting  cells  (reverse 
hemolytic  plaque  assay)  and  the  quantitation  of  antibody  producing  cells 
following  polyclonal  activation  (direct  sheep  cell  plaque  assay). 

Much  has  been  learned  in  recent  years  in  this  and  other  laboratories 
about  the  regulation  of  the  immune  response  by  studying  total  immunoglobulin 
production  following  stimulation  in  vitro  by  polyclonal  activators.   To 
extend  this  work  and  to  more  closely  approximate  the  in  vivo  situation, 
we  have  initiated  studies  of  immunoglobulin  class  specific  antigen-specific 
antibody  production  that  does  not  require  polyclonal  B  cell  activators. 
In  one  of  these  approaches,  human  peripheral  blood  cells  are  exposed  to 
antigens  such  as  sheep  red  blood  cells  on  TNP  modified  cells  for  6  days 
and  then  assessed  for  plaque  forming  cells  by  a  modification  of  the 
Cunningham  technique.   This  proceedure  gives  large  plaques,  is  T  cell 
dependent  and  antigen  specific.   For  the  second  antigen-specific  antibody 
technique,  we  have  set  up  an  ELISA  assay.   This  assay  uses  alkaline-phosphatase 
linked  immunoglobulin  as  an  amplifying  probe .   It  enables  us  to  measure 
class-specific,  antigen-specific  antibody  and  is  sensitive  to  a  range  of 
approximately  3  ng/ml  of  antibody. 

We  first  applied  this  assay  to  study  a  group  of  normal  volunteers 
infected  with  a  temperature-sensitive  attenuated  influenza  virus  developed 
by  the  laboratory  of  Dr.  Brian  Murphy  (NIAID).   This  virus  proliferates 
in  the  upper  respiratory  tract  and  thus  stimulats  the  mucosal/secretory 
immune  system.   We  showed  that  6  days  following  intra-nasal  innoculation 
with  the  virus,  cells  were  found  in  the  circulation  which  spontaneously 
secreted  both  IgG-  and  IgA-anti-inf luenza  virus  antibody.   Stimulation  of 
the  cells  with  PWM  did  not  enhance  this  response.   When  the  peripheral 
cells  were  studied  28  days  after  innoculation  no  spontaneously  secreting 
cells  were  found.   Instead,  "memory"  cells  were  found  which  could  be 
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stimulated  with  PWM  to  produce  IgG-anti-inf luenza  virus  antibody. 
Interestingly,  there  was  a  divergence  in  the  IgG  and  IgA  response.   While 
the  PWM  driven  IgG  anti-virus  response  at  day  28  was  greater  than  that  at 
day  6,  the  IgA  response  was  markedly  diminished.   This  may  represent  a 
failure  to  produce  IgA-secreting  memory  cells,  may  reflrect  the  homing  of 
these  cells  to  the  organs  of  the  secretory  immune  system,  or  the  emergence 
of  IgA-specific  suppressor  T  cells. 

More  recently,  we  have  used  this  assay  system  to  show  that  peripheral 
mononuclear  cells  cultured  ±r^  vitro  with  influenza  virus  but  without  a 
polyclonal  activator  of  B  cells  such  as  PWM  will  produce  anti-influenza 
virus  antibody.   This  represents  an  antigen-specific  immune  response. 
Cells  infected  with  infectious  allantoic  fluid  containing  A/Hong  Kong  X  31 
influenza  virus  made  antibody  directed  against  A/HK  and  those  infected 
with  B/HK  made  antibody  to  B/HK  with  little  cross-reactive  antibody 
produced.   The  magnitude  of  this  response  was  comparable  to  the  anti- 
influenza  response  seen  with  PWM-driven  cultures.   The  secretion  of 
anti-virus  antibody  into  culture  supernatants  was  dependent  on  de_  novo 
protein  biosynthesis  since  antibody  production  was  abrogated  by  the 
protein  synthesis  Inhibitor  cyclohexamide.   Anti-virus  antibody  production 
was  shown  to  be  both  antigen  dependent  and  virus  specific  at  the  induction 
phase,  since:   1)  cultures  stimulated  with  non-infectious  allantoic  fluid 
produced  no  antibody  and,  2)  cultures  stimulated  with  A/HK  virus  produced 
anti-A/HK  antibody  but  not  anti-B/HK  antibody  and  vice  versa.   Antibody 
production  in_  vitro  required  the  presence  of  both  T-cells  and  B-cells  in 
culture  since  neither  highly  purified  T-cells  nor  B-cells  alone  produced 
antibody  but  co-culture  of  such  cells  did  produce  antibody.   Isotype 
analysis  of  the  secreted  anti-influenza  antibody  has  revealed  that 
antibodies  of  IgM,  IgG,  and  IgA  classes  are  produced  against  A/HK  in  vitro. 
Thus  virus-specific  humoral  antibody  responses  by  human  peripheral  blood 
mononuclear  cells  In  vitro  can  be  measured  by  these  techniques.   The 
potential  of  assessing  both  specific  T-cell  and  B-cell  responses  by  human 
peripheral  blood  cells  in  vitro  should  provide  an  effective  means  to 
further  dissect  defects  in  immunologic  responses  in  patients  with  immuno- 
deficiency diseases  and  cancer. 

We  have  extended  our  investigation  of  Epstein-Barr  virus  as  an 
activator  of  human  B  cells  into  immunoglobulin  secreting  cells.   The 
Epstein-Barr  virus  has  been  widely  studied  in  laboratories  all  over  the 
world  and  a  number  of  different  strains  of  this  virus  have  become  available. 
All  of  our  previous  studies  have  utilized  the  B  95-8  strain  of  EBV, 
originally  isolated  from  a  patient  with  acute  infectious  mononucleosis. 
As  we  have  mentioned,  B  95-8  strain  is  independent  of  the  leffect  of  T 
cells  and  monocytes  for  its  capacity  to  activate  B  lymphocytes,  to  produce 
immunoglobulin,  and  this  strain  also  transforms  B  lymphocytes  into 
permanently  growing  cell  lines.   The  P3HR-1  strain  of  EBV  was  originally 
isolated  from  a  patient  with  Burkitt's  lymphoma.   This  strain  differs 
from  B  95-8  in  that  it  is  not  a  transforming  virus.   That  is,  this  virus 
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does  not  induce  B  cells  to  develop  into  permanently  growing  cell  lines. 
In  studies  with  P3HR-1  virus  in  culture  it  was  found  that  this  virus  also 
induced  the  activation  of  B  lymphocytes  into  immunoglobulin  secreting 
cells.   This  demonstrates  that  the  capacity  of  the  virus  to  induce 
transformation  in  the  B  cells  is  not  a  requisite  for  that  virus  to  activate 
B  cells  to  become  immunoglobulin  secreting  cells.   Interestingly  when  T 
cells  and  B  cells  were  separated  into  individual  populations  and  then 
stimulated  with  P3HR-1  EBV,  the  B  cell  population  alone  would  not  respond 
with  the  production  of  immunoglobulin  secreting  cells.   Only  when  T  cells 
were  present  would  this  strain  of  Epstein-Barr  virus  activate  B  lymphocytes 
to  become  immunoglobulin  producting  cells.   A  third  strain  of  Epstein- 
Barr  virus  named  Ag  876  was  also  found  to  require  the  presence  of  normal  T 
cells  in  order  for  it  to  activate  B  lymphocytes  to  produce  immunoglobulin. 
Interestingly,  this  virus  strain  would  induce  the  transformation  of  B 
lymphocytes  into  permanently  growing  cell  lines.   Thus,  the  capacity  of 
the  Epstein-Barr  virus  to  activate  B  lymphocytes  is  independent  of  the 
capacity  of  this  virus  strain  to  transform  B  cells  into  permanent  lines 
and  the  activation  of  immunoglobulin  secreting  cells  by  the  virus  may  in 
certain  circumstances  require  the  presence  of  T  lymphocytes .   We  hope  to 
exploit  the  differences  observed  in  these  Epstein-Barr  virus  strains  to 
help  us  explore  in  greater  detail  the  interactions  between  virus  and 
immunocompetent  cells  and  the  effects  that  mutations  in  the  virus  may 
have  on  Its  ultimate  biologic  activity. 

The  Epstein-Barr  virus  has  also  proved  to  be  a  useful  in_  vitro  probe 
for  the  study  of  the  development  of  immune  competence  in  human  cells. 
The  human  newborn  has  been  repeatedly  demonstrated  to  have  deficient 
immune  responses.   We  studied  the  responses  of  human  cord  lymphocytes  in  vitro 
to  stimulation  with  the  polyclonal  mitogens,  pokeweed  mitogen  and  with 
Epstein-Barr  virus.   Cord  blood  lyphocytes  produced  no  immunoglobulin  in 
response  to  pokeweed  mitogen,  in  marked  contrast  to  the  effects  of  this 
mitogen  on  adult  peripheral  blood  cells.   However,  cord  blood  lymphocytes 
were  capable  of  producing  immunoglobulin  when  stimulated  with  Epstein- 
Barr  virus.   Co-culture  experiments  with  mixes  of  cord  blood  and  adult 
lymphocytes  also  failed  to  respond  to  pokeweed  mitogen  demonstrating  that 
the  cord  blood  cells  have  a  suppressor  T  cell  population  which  prevents 
the  differentiation  of  B  cells.   This  suppressor  T  cell  present  in  cord 
blood  is  unlike  that  seen  in  patients  with  agammaglobulinemia  or  infectious 
mononucleosis  in  that  it  does  not  inhibit  Epstein-Barr  virus  induced  B 
cell  activation.   This  apparent  paradox  in  the  capacity  of  the  suppressor 
cell  to  inhibit  thymic  dependent  responses  while  having  no  suppressor 
activity  on  thymic  independent  B  cell  activation  was  resolved  by  the 
demonstration  that  double  mitogen  experiments,  that  is,  culture  stimulated 
with  both  pokeweed  mitogen  and  Epstein-Barr  virus,  also  had  deficient  B 
cell  responses  due  to  suppression.   Thus,  cord  blood  contains  a  population 
of  T  cells  that  are  activated  to  become  suppressor  cells  in  the  pressence 
of  pokeweed  mitogen,  a  cell  population  quite  different  from  that  found  in 
adult  blood.   Another  unique  feature  of  cord  blood  lymphocytes  was  the 
restriction  in  their  capacity  to  produce  immunoglobulin  of  all  classes. 
When  cord  blood  cells  were  stimulated  with  Epstein-Barr  virus  or  when 
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cord  blood  B  cells  were  stimulated  with  pokeweed  mitogen  in  the  presence 
of  adult  T  cell  helper  cells  only  IgM  was  produced  in  culture.   This 
defect  in  the  production  of  other  classes  of  immunoglobulin  was  shown  to 
reside  in  the  B  cells  of  the  neonate  since  newborn  T  cells  could  provide 
help  for  IgG,  IgA  and  IgM  when  mixed  with  adult  B  lymphocytes.   Thus  the 
human  newborn  differs  from  the  adult  in  at  least  two  major  aspects  of  its 
immunocompetent  cells.   First,  the  B  lymphocytes  from  the  human  newborn 
are  restricted  in  their  capacity  to  produce  immunoglobulin  of  more  than 
one  isotype.   Second,  the  human  newborn  possesses  a  population  of  suppressor 
T  cells  which  are  readily  activated  by  the  T  cell  dependent  polyclonal 
activator,  pokeweed  mitogen.   Studies  are  in  progress  to  determine  what 
factors  which  control  the  differentiation  of  B  lymphocytes  in  the  neonate 
and  thus  effect  its  capacity  to  produce  the  other  classes  of  immunoglobulin. 
Further,  we  hope  to  identify  the  nature  of  this  easily  activated  suppressor 
T  cell  in  the  human  neonate  and  to  determine  the  potential  functional 
significance  of  the  presence  of  such  a  cell. 

In  studies  of  the  suppressor  T  cells  present  in  certain  patients 
with  hypogammaglobulinemia,  it  has  been  observed  that  these  suppressor 
cells  are  sensitive  to  both  irradiation  and  to  hydrocortisone.   Thus 
steroids  or  irradiation  are  able  to  block  the  suppressor  activity  of  such 
cells.   During  the  course  of  these  experiments  we  observed  that  hydrocortisone 
alone  cultured  with  normal  lymphocytes  seemed  to  induce  immunoglobulin 
production  in  culture.   Human  peripheral  blood  lymphocytes  cultured  with 
hydrocortisone  or  many  of  its  analoges  including  dexamethasone,  prednisolone, 
and  methyprednisolone  were  found  to  produce  in  culture  as  many  immunoglobulin 
secreting  cells  as  did  cultures  stimulated  with  pokeweed  mitogen.   Kinetic 
studies  showed  that  this  response  to  steroid  hormone  in  vitro  began  to 
appear  at  about  the  4th  day  and  peaked  somewhat  later  than  pokeweed 
mitogen  at  the  8th  to  the  10th  day  of  culture.   Other  steroid  hormones 
such  as  diethylstilbesterol  and  testosterone  .did  not  induce  the  activation 
of  B  cells  in  culture.   Aldosterone,  a  steroid  hormone  with  weak 
glucocorticoid  activity,  stimulated  B  cells  to  produce  Immunoglobulin 
only  when  used  at  very  high  concentrations  ^n  vitro.   To  determine  whether 
those  hormones  which  bind  to  the  steroid  receptor  of  cells  were  capable 
of  this  stimulatory  activity  for  B  cell  differentiation,  two  stereoisomeric 
forms  of  hydrocortisone  were  studied.   Eleven  beta  Cortisol  is  an  active 
glucocorticoid  which  binds  to  the  glucocorticoid  receptor.   Its  stereoisomer 
eleven  alpha  Cortisol  does  not  bind  to  the  glucocorticoid  receptor  and 
does  not  have  glucocorticoid  activity  in  vivo.   We  found  that  the  eleven 
beta  Cortisol  produced  a  marked  activation  of  B  lymphocytes  to  produce 
immunoglobulin  in  vitro  while  the  eleven  alpha  Cortisol  was  totally  inactive 
in  such  cultures.   Thus  steroid  hormones  with  the  capacity  to  bind  cellular 
glucocorticoid  receptors  appear  to  be  able  to  activate  B  lymphocytes  to 
produce  immunoglobulin.   In  order  to  determine  the  cellular  basis  for 
such  stimulation,  peripheral  blood  lymphocyte  populations  were  separated 
into  T  cells,  B  cells  and  monocytes.   The  glucocorticoids  were  found  to 
be  unble  to  stimulate  immunoglobulin  production  by  purified  B  lymphocytes 
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alone.   Both  monocytes  and  T  lymphocytes  were  required  In  the  cultures 
for  glucocorticoids  to  have  their  stimulatory  activity  on  B  lymphocytes. 
Since  glucocorticoids  are  able  to  reverse  the  suppressor  T  cell  activity 
seen  in  certain  pathologic  conditions  and  also  appear  to  be  able  to 
reverse  normal  suppressor  T  cell  activity,  a  potential  mechanism  for  the 
action  of  steroid  hormones  in  inducing  B  cell  activation  would  be  the 
inactivation  of  a  suppressor  cell  maintaining  such  B  lymphocytes  in  an 
inactive  state.   T  cells  irradiated  with  2000  R  to  inactive  the  radio- 
sensitive suppressor  T  cell  were  mixed  with  B  lymphocytes  in  culture. 
Such  cell  mixtures  produced  no  more  immunoglobulin  than  that  produced  by 
B  lymphocytes  alone.   However,  when  corticosteroids  were  added  to  such 
mixtures  a  marked  increase  in  immunoglobulin  production  was  observed. 
Thus  although  we  have  not  been  able  to  directly  demonstrate  that 
corticosteroids  are  not  simply  inactivating  a  suppressor  T  lymphocytes, 
other  procedures  which  inactivate  suppressor  T  cells  do  not  result  in  the 
activation  of  immunoglobulin  production  by  B  cell  without  the  addition  of 
the  glucocorticoid  hormones.   These  results  provide  a  unique  model  for 
the  study  of  cellular  interaction  required  for  glucocorticoid  hormone 
effect  and  have  provided  us  with  yet  another  tool  for  the  study  of  B  cell 
differentiation  in  human  disease. 

During  the  past  year  studies  on  T  cell  neoplasms  with  retained 
immunoregulatory  activity  have  been  continued  to  further  analyze  the 
cellular  regulation  of  human  immmunity.   The  technique  for  assessing 
helper  T  cell  activity  were  applied  to  homogenous  populations  of  T  cells 
from  patients  with  T  cell  leukemias .   One  of  20  acute  T  cell  leukemias 
and  seven  of  12  patients  with  Sezary  T  cell  leukemias  retained  the  capacity 
to  help  normal  B  cells  in  pokeweed  mitogen  stimulated  cultures.   It  is  of 
interest  that  these  patients  had  high  IgA  and  IgE  levels  and  in  seven 
cases  the  Sezary  cell  leukemia  has  been  associated  with  a  circulating 
monoclonal  immunoglobulin.   We  are  preparing  antisera  to  the  idiotype  of 
the  heavy  chains  of  these  monoclonal  immunoglobulins  to  dermine  if  they 
react  with  the  putative  T  cell  receptors  since  it  has  been  suggested  that 
helper  T  cells  for  specific  B  cell  clones  share  immunological  determinants 
with  the  hypervariable  region  of  the  heavy  chain  of  the  specific  antibody 
whose  production  is  stimulated  by  the  T  cells. 

Over  the  past  year  we  have  analyzed  leukemic  T  cells  with  retained 
functions  with  monoclonal  hybridoma  antisera  that  define  T  cell  subsets. 
Some  of  these  antisera  obtained  commercially  define  subsets  of  T  cells 
with  different  functions  (e.g.  OKT  4,  helper  T  cells,  OKT  5,8,  suppressor- 
cytotoxic  T  cells)  whereas  others  define  states  of  T  cell  maturation  or 
activation  (e.g.  OKT  10  immature  thymocytes,  OKT  3  mature  T  cell,  la  antigens 
on  T  cells).   For  these  studies,  we  have  also  used  a  monoclonal  hybridoma 
anti-T  cell  antiserum  we  have  prepared  ourselves  that  defines  an  antigen 
termed  Tac  on  the  surface  of  activated  T  cells.   Normal  thymocytes  and 
circulating  T  cells  do  not  bear  this  antigen,  whereas  T  cells  activated 
with  mitogen,  the  mixed  leukocyte  reactions  or  T  cell  growth  factors  do. 
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All  acute  T  cell  leukemias  bear  the  OKT  10  antigen  and  bear  the  OKT  4  or 
5  antigen,  but  in  only  5%  of  cases  the  OK  3  maturation  antigen.   The  7 
Sezary  leukemia  cells  studied  in  contrast  do  not  bear  OKT  10  but  are  all 
OK  3  and  OKT  4  (e.g.  mature  helper  phenotype)  positive  with  OK  5,  8 
(e.g.  suppressor  phenotype)  negative.   They  are  also  negative  for  la  and 
Tac  antigens.   Thus,  the  studies  with  monoclonal  antibodies  are  in  accord 
with  our  previous  conclusions  that  Sezary  cells  are  relatively  mature  T 
cells  that  are  dedicated  to  helper  interactions  with  B  cells.   Studies  on 
three  T  cell  leukemias  with  retained  suppressor  activity  have  been 
continued  in  order  to  address  one  of  the  most  critical  issues  concerning 
the  capacity  of  T  cells  to  regulate  human  immunoglobulin  synthesis,  that 
is  whether  suppressor  cell  activity  is  generated  by  a  single  population 
of  T  cells  acting  alone  or  whether  suppressor  cell  generation  requires 
interaction  between  different  populations  of  T  cells  neither  of  which  has 
the  cacacity  has  the  capacity  to  affect  suppression  alone.   The  proof  of 
such  T-T  interaction  required  clear  indentif ication  and  separation  of  the 
two  classes  of  cells  involved.   In  human  systems,  this  has  been  exceedingly 
difficult  until  now.   We  have  taken  advantage  of  an  unusual  patient  with 
acute  lymphoblastic  leukemia  and  hypogammaglobulinemia  prior  to  therapy 
to  address  this  issue.   In  our  studies  we  learned  that  the  neoplastic  T 
cells  from  this  patient  functioned  as  pro-suppressor  cells.   These  cells 
were  OKT  10  +  but  negative  for  the  other  antigens  discussed  above.   We 
observed  that  the  patient's  leukemic  T  cells  produced  no  detectable 
immunoglobulin  and  depressed  the  immunoglobulin  production  of  co-cultured 
normal  unseparated  lymphocytes  by  85-100%  in  the  presence  of  pokeweed 
mitogen  (but  not  Nocardia  water  soluble  mitogen).   However,  suppression 
was  observed  only  in  experimental  systems  where  both  cooperating  normal  T 
cells  and  pokeweed  mitogen  were  made  available.   A  soluble  factor  released 
by  pokeweed-mitogen-stimulated  normal  T  cells  could  activate  the  leukemic 
cells  to  become  fully  effective  suppressor  cells  without  the  need  for 
further  cooperating  T  cells. 

Two  additional  T  cells  leukemias  have  been  studied  over  the  past 
year.   In  one  case  the  cells  suppress  T  cell  proliferative  responses  but 
that  did  not  suppress  the  maturation  of  B  cells  into  plasma  cells.   These 
luekemic  cells  were  OKT  3,  5,  8,  la  positive  and  OKT  10,  4,  Tac  negative. 
That  is,  they  showed  the  mature  suppressor  phenotype.   An  additional 
patient  from  the  southern  part  of  Japan  had  the  subacute  T  cell  leukemia 
that  has  been  recently  described  in  this  area.   This  leuklemia  suppressed 
the  maturtion  of  B  cells  into  plasma  cells.   In  contrast  to  the  patient 
discussed  above,  these  leukemic  cells  were  activated  cells  that  did  not 
require  the  presence  of  an  unirradiated  T  cell  for  their  effect.   Indeed 
they  suppressed  immunoglobulin  synthesis  by  B  and  irradiated  T  helper 
cells  better  than  that  by  B  cells  and  unirradiated  T  cells.   This 
observation  provides  further  evidence  for  the  existance  of  a  radiosensitive 
contra-suppressor  in  human  T  cell  populations.   The  leukemic  cells  of 
this  patient  are  OKT  3,  la  and  Tac  antigen  positive  confirming  their 
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status  as  activated  relatively  mature  T  cells.   Thus  in  summary  we  have 
identified  luekemic  cells  that  appear  to  represent  clonal  expansions  of 
suppressor  precursors  or  suppressor  effectors  that  regulate  either  T  cell 
proliferation  or  B  cell  maturation  into  immunoglobulin  producing  cells. 

Using  the  in_  vitro  assay  procedure  for  immunoglobulin  synthesis  we  have 
identified  patients  with  immunodeficiency  diseases  due  to  a  variety  of 
mechanisms  including  disorders  of  intrinsic  B  cell  activity,  disorders  of 
helper  T  cell  function,  disorders  of  the  network  of  interacting  T  cells 
involved  in  immune  suppression  as  well  as  disorders  of  monocyte  function. 
Patients  with  hypogammaglobulinemia  with  primary  B  cell  defects  that  we 
have  defined  include  patients  with  X-linked  agammaglobulinemia,  patients 
with  certain  types  of  common  variable  immunodeficiency,  with  selective 
IgA  deficiency  or  with  the  immunodeficiency  characterized  by  elevated  IgM 
levels  and  reduced  IgG  and  IgA  levels.   Over  the  past  year  we  have 
discovered  a  new  X-linked  disorder  characterized  by  hypogammaglobulinemia 
due  to  an  intrinsic  B  cell  defect  associated  with  an  isolated  growth  hormone 
deficiency.   In  contrast  to  patients  with  Bruton's  type  X-linked 
agammaglobulinemia  these  patients  have  tonsils,  have  B  cells  in  some 
cases  and  in  all  cases  have  the  Isolated  growth  hormone  deficiency. 

A  second  area  of  interest  has  been  in  helper  T  cell  activity  in  animal 
models  and  in  patients  with  disorders  of  immunity.   In  clinical  studies 
deficiency  of  helper  T  cells  was  observed  in  patients  with  severe  combined 
immunodeficiency  disease  with  B  cells  and  a  patient  with  common  variable 
hypogammaglobulinemia  and  in  some  patients  with  ataxia  telangiectasia. 
An  extreme  defect  in  helper  T  cells  was  shown  to  be  the  cause  of  the 
hypogammaglobulinemia  in  the  form  of  severe  combined  Immunodeficiency 
characterized  by  an  absence  of  circulating  T  cells  but  normal  numbers  of 
B  cells.   The  B  cells  of  these  patients  could  not  synthesize  immunoglobulin 
molecules  when  cultures  with  pokeweed  mitogen  in  vitro  but  synthesized 
immunoglobulin  normally  when  normal  T  cells  were  added  to  the  culture 
system.   The  primary  defect  in  such  patients  might  be  a  defect  of  T  stem 
cells  or  to  a  failure  of  thymus  function  leading  to  a  failure  in  the 
maturation  of  such  stem  cells  into  functional  T  cells.   A  similar  pattern 
of  hypogammaglobulinemia  with  normal  B  cell  function  has  been  identified 
in  a  patient  with  common  variable  hypogammaglobulinemia  who  has  a  T  cell 
defect  limited  to  the  helper  T  cell  series.   Defects  of  helper  T  cell 
activity  were  also  present  in  most  patients  with  ataxia  telangiectasia. 
Patients  with  ataxia  telangiectasia  manifest  cerebellar  ataxia, 
occulocutaneous  telangiectasia,  elevated  alpha-fetoprotein  levels,  a 
defect  of  DNA  repair  following  irradiation,  a  high  incidence  of  neopalstic 
disese  and  a  variable  immunodeficiency  state.   The  majority  of  patients 
have  a  small  embryonic  appearing  thymus,  have  defects  in  cell-mediated 
immunity  and  markedly  diminished  levels  of  IgA  and  IgE.   Two  factors  were 
shown  to  contribute  to  the  low  rates  of  IgA  synthesis  in_  vivo  and  in_  vitro 
in  these  patients.   The  patients  had  an  intrinsic  defect  of  their  IgA 
producing  B  cells  and  had  a  reduction  of  helper  T  cell  activity.   The 
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patients'  helper  T  cells  did  not  cooperate  normally  with  normal  B  cells 
for  immunoglobulin  synthesis  in  the  pokeweed  mitogen  stimulated  immunoglobulin 
system.   We  have  demonstrated  excessive  suppressor  T  cell  activity  in  the 
neonate  and  in  association  with  a  variety  of  immunodeficiency  states  including 
infectious  mononucleosis,  one  form  of  T  cell  leukemia,  a  subset  of  patient 
with  common  variable  hypogammaglobulinemia,  thymoma  and  hypogammaglobulinemia 
and  some  patients  with  selective  IgA  deficiency.   Patients  with  common 
variable  hypogammaglobulinemia  represent  a  complex  group  of  disorders 
with  different  fundamental  defects.   Many  have  intrinsic  B  cell  defects, 
a  few  have  a  deficiency  of  helper  T  cells  and  a  few  have  a  circulating 
factor  that  inhibits  B  cell  function.   A  subgroup  of  patients  have 
excessive  suppressor  cell  activity.   Synthesis  of  immunoglobulins  by 
normal  cells  was  suppressed  by  over  50%  when  co-cultured  with  equal 
numbers  of  peripheral  blood  lymphocytes  from  44%  of  patients  with  common 
variable  immunodeficiency  and  by  over  80%  when  incubated  with  the 
lymphocytes  of  18%  of  the  patients.   The  kinetics  of  the  immunoglobulin 
secreting  cell  appearance  in  co-cultures  of  normal  and  patient  cells 
showed  that  the  exponential  increase  in  secreting  cells  began  normally, 
but  the  response  of  the  normal  cells  was  aborted  abruptly  between  the  4th 
and  5th  days  of  culture.   Since  the  suppressor  cells  must  be  present  from 
the  initiation  of  the  culture,  these  observations  suggest  that  the 
suppressor  T  cells  act  at  an  early  stage  in  B  cell  differentiation,  but 
that  their  effect  does  not  become  apparent  until  after  the  B  cells  have 
begun  to  divide  and  differentiate  into  immunoglobulin  secreting  cells. 
The  T  cells  from  the  patients  with  suppressor  cells  were  shown  to  function 
as  suppressors.   In  some  cases  suppressor  monocytes  were  also  present. 
In  some  cases  suppression  was  only  observed  when  pokeweed  mitogen  was 
used  as  the  polyclonal  activator,  whereas  in  other  cases,  the  cells  of 
the  patient  suppressed  when  any  polyclonal  activator  was  utilized.   The 
suppressor  cells  in  the  former  case  were  steroid  and  irradiation  sensitive 
and  appear  to  be  prosuppressors  that  require  pokeweed  mitogen  for  their 
activation.   The  suppressor  cells  that  suppress  in  non-pokeweed  mitogen 
stimulated  cultures  and  that  are  corticosteroid  resistant  appear  to  be 
in  vivo  activated  suppressor  effector  cells.   In  the  one  patient  studied 
extensively  the  target  of  the  suppressor  cell  was  shown  to  be  the  B  cell 
rather  than  the  helper  T  cell  which  is  the  target  of  most  antigen  specific 
suppressor  systems.   The  most  critical  question  concerning  the  role  of 
the  suppressor  T  cells  in  the  pathogenesis  of  the  hypogammaglobulinemia 
has  been  addressed  by  isolating  the  patients'  B  cells  free  of  the  patients 
T  cells  and  determining  their  capacity  to  synthesize  immunoglobulin  molecules 
in  vitro.   In  some  but  not  all  cases  we  demonstrated  that  patient  B  cells 
freed  of  suppressor  T  cells  could  synthesize  immunoglobulin  molecules 
supporting  the  view  that  the  suppressor  T  cells  played  a  pathogenic  role 
In  the  hypogammaglobulinemia. 

The  pathogenesis  of  the  hypogammaglobulinemia  in  8  patients  between 
2  and  14  months  after  transplantation  of  matched  allogeneic  or  autologous 
marrow  was  studied  using  the  in  vitro  immunoglobulin  (Ig)  biosynthesis 
system.   Six  of  8  patients  produced  no  IgG,  IgA,  or  IgM,  one  responded 
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poorly  (3-13%  of  normal  mean  synthesis)  and  one  moderately  (3-14%  of 
normal).  Five  of  8  also  had  a  poor  response  to  the  T-cell  independent 
activator  Epstein-Barr  virus  (EBV) .  When  studied  in  co-culture  with 
normal  allogeneic  or  donor  lymphocytes,  3  of  8  patients  demonstrated 
profound  (>80%)  and  one  moderate  (>50%)  suppression.   Five  of  the  patients 
(including  the  4  with  suppressor  abnormalities)  did  not  have  helper 
activity  (<1%  normal),  one  had  profoundly  decreased  activity  (<20%), 
while  2  had  significant  helper  activity  for  normal  B-cells  in  co-culture. 
The  lymphocytes  of  2  patients  with  helper  defects  produced  Ig  when  co- 
cultured  with  normal  T-cells  or  with  EBV.   Thus,  defects  in  all  lymphocytic 
elements  involved  in  the  regulation  of  Ig  synthesis  contributed  to  the 
hypogammaglobulinemia.   Overall,  four  patients  had  moderate  to  profound 
suppressor  cell  abnormalities  with  variable  accompanying  helper  and  B- 
cell  defects;  two  had  helper  defects  with  partially  responsive  B-cells 
but  no  suppression;  whereas  two  had  pure  B-cell  defects  with  adequate 
helper  activity  and  no  suppression. 

The  immediate  reverse  plaque  assay  technique  to  define  immunoglobulin 
secreting  cells  that  are  circulating  in  vivo  was  applied  to  the  study  of 
24  patients  with  systemic  lupus  erythematosus.   In  this  series  cells 
secreting  IgG  and  IgA  were  found  to  be  remarkably  increased  in  frequency 
in  the  blood.   Patients  with  the  most  active  disaease  had  up  to  100  fold 
increase  in  blood  cells  secreting  IgG,  while  treated  patients  with  inactive 
disease  had  normal  numbers  of  IgG  secreting  cells  in  their  blood.   We 
carried  out  an  extensive  evaluation  of  this  group  of  patients  including 
precise  clinical  staging  and  a  thorough  laboratory  evaluation  and  then 
determined  the  degree  of  correlation  between  disease  activity  and  the 
various  laboratory  parameters  studied.   The  extent  of  disease  activity  in 
these  patients  correlated  with  such  tests  as  erythrocyte  sedimentation 
rate,  serum  immunoglobulin  concentrations,  C3  complement  levels,  and  very 
highly  with  the  quantity  of  anti-DNA  antibody  in  the  serum  of  these  patients 
(P  <  10-^).   However,  of  all  the  tests  performed,  disease  activity 
correlated  most  significantly  (P  <10~6)  with  the  number  of  IgG  secreting 
cells  in  the  peripheral  blood.   These  observations  have  proved  to  be  very 
useful  In  providing  a  reliable  objective  test  for  following  a  patient's 
response  to  therapy  and  studies  are  now  underway  to  further  define  the 
nature  of  the  immunoregulatory  mechanisms  which  are  defective  in  this 
group  of  patients. 

Twenty  continuous  cultures  of  human  T  cells  (CTC  (15  from  normal 
individuals  and  5  from  patients  with  T  cell  malignancy)  growing  in  the 
presence  of  PHA-stimulated  lymphocyte  conditioned  medium  were  studied  for 
their  ability  to  regulate  pokeweed  mitogen  induced  Ig  production  in  vitro. 
The  CTC  did  not  produce  Ig  in  the  presence  of  PWM.   One  of  15  CTC  examined 
moderate  and  two  minimal  helper  activity  when  co-cultured  with  B  cells 
rigorously  depleted  of  T  cells  in  PWM-drive  Ig  biosynthesis.   Nine  of  20 
CTC  examined  had  marked  suppressor  cell  activity  when  co-cultured  with 
normal  lymphocytes  in  the  PWM-induced  Ig  production  system  and  4  had  a 
moderate  or  variable  suppressive  effect.   This  suppression  was  apparently 
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not  due  to  simple  "overgrowth"  or  non-specific  toxic  effects  of  CTC 
because:   1)  the  CTC  did  not  proliferate  when  cultured  without  conditioned 
medium,  2)  the  CTC  did  not  suppress  Ig  production  when  they  were  added  3 
days  after  the  beginning  of  the  12  day  cultures,  3)  the  CTC  did  not  show 
cytotoxic  activity  against  normal  T  and  B  cells.   Two  of  the  CTC  examined 
were  sensitive  to  irradiation  in  terms  of  their  suppressor  function  in 
PWM-induced  Ig  synthesis  whereas  the  remaining  3  CTC  were  resistant  to 
2000  R  irradiation.   However,  they  were  all  resistant  to  hydrocortisone. 
Four  clones  were  produced  by  a  limiting  dilution  method  from  one  suppressor 
CTC  and  were  tested  for  their  suppressor  activity.   These  cloned  CTC 
suppressed  PWM-driven  Ig  synthesis  as  markedly  as  the  uncloned  suppressor 
CTC.   Such  CTC  may  be  of  considerable  value  in  studies  of  the  mechanism 
involved  in  regulation  of  immunoglobulin  biosynthesis  and  in  the  preparation 
of  antisera  to  T  cell  subsets. 

Purified  human  peripheral  blood  mononuclear  cells  stimulated  with 
the  mitogenic  lectin  concanavalin  (Con  A)  as  well  as  the  CTC  lines 
discussed  above,  elaborate  a  variety  of  immunoregulatory  molecules 
including  suppressive  factors.   We  find  evidence  for  at  least  two  different 
suppressor  activities  in  the  supernatants  of  these  cells  one  of  which 
negatively  modulates  ^n  vitro  immunoglobulin  biosynthesis  while  the  other 
inhibits  T  cell  proliferation.   Immunoglobulin  production  was  studied 
using  a  pokeweed  mitogen  driven  reverse  hemolytic  plaque  assay.   The 
humoral  suppressor  factor  produced  40-80%  inhibition  of  polyclonal  antibody 
synthesis.   This  factor  was:   1)  of  molecular  weight  30-45,000  daltons, 
2)  noncytotoxic,  3)  present  as  early  as  8  hours  after  exposure  to  Con  A, 
4)  reversed  by  the  monosaccharide  L-rhamnose  but  not  by  a  variety  of 
other  simple  sugars  including  alpha-methyl-D-mannoside,  5)  produced  by 
macrophage  depleted  T  cell  populations  but  not  by  B  cells,  6)  found  in 
the  supernatants  of  long  term  human  T  cell  cultures .   The  second  suppressor 
factor  produced  40-85%  inhibition  of  in  vitro  lymphocyte  proliferation  in 
response  to  the  mitogenic  lectins  phytohemagglutinin  and  Con  A  and  the 
antigens  streptokinase-streptodornase  and  tetanus  toxoid.   This  factor 
was  also  of  molecular  weight  30-45,000  daltons  and  noncytotoxic.   Its 
effect  however  is  blocked  by  N-acetyl-D-glucosamine  but  not  by  L-Rhamnose. 
In  contrast  to  the  humoral  factor,  the  production  of  this  factor  required 
the  presence  of  macrophages.   We  conclude  that  activated  suppressor 
elaborte  different  soluble  factors  which  independently  modulate  humoral 
and  cellular  immune  reactions. 

The  lung  is  a  major  site  of  pathology  in  patients  with  immunodeficiency 
diseses,  autoimmunity  and  a  variety  of  other  disorders.   To  determine 
whether  in  man,  immunoglobulin  producing  cells  are  a  normal  constituant 
of  the  lungs,  the  cells  contained  in  pulmonary  lavage  fluids  obtained  by 
fiberoptic  bronchoscopy  were  evaluated  with  the  reverse  hemolytic  plaque 
assay.   In  bronchopulmonary  lavage  fluids  from  normal  subjects,  significant 
numbers  of  cells  secreting  IgA  and  IgG  were  found  to  be  present.   IgM 
and  IgE  secreting  cells  were  also  present  in  very  low  numbers  in  normal 
lung  lavage  fluids.   During  the  past  year,  we  have  extended  these  studies 
to  patients  with  a  vareity  of  interstitial  lung  diseases,  particularly 
sarcoidosis  and  idiopathic  pulmonary  fibrosis  (IPF).   In  these  disorders 
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a  profound  alteration  from  the  normal  pattern  of  pulmonary  immunoglobulin 
secreting  cells  were  found.   In  active  sarcoidoisis  and  in  patients  with 
idiopathic  pulmonary  fibrosis,  IgG  secreting  cells  were  increased  up  to 
10,000  fold  over  that  observed  in  normal  lung  lavage  fluids.   During 
remission  of  these  diseases  the  number  of  IgG  secreting  cells  fell  into 
the  normal  range.   Again,  the  reverse  hemolytic  plaque  assay  has  proved 
to  be  the  most  accurate  laboratory  indicator  available  to  predice  the 
response  to  therapy  in  these  diseases.  With  systemic  corticosteroid 
therapy,  for  example,  the  pulmonary  manifestation  to  sarcoidosis  often 
clear  and  the  clinical  response  is  preceeded  by  a  dramatic  fall  in  the 
number  of  IgG  secreting  lymphocytes  in  the  bronchopulmonary  lavage  fluid 
of  these  patients.   By  contrast  in  those  patients  who  failed  to  respond 
clinically  to  steroid  therapy,  IgG  secreting  cells  in  the  lung  lavage 
fluids  do  not  fall  and  may  actually  increase  in  number.   This  technique 
has  provided  a  major  new  investigative  tool  for  the  study  of  pulmonary 
disease  and  has  already  given  important  insights  into  some  of  the  patho- 
genetic mechansims  involved  in  interstitial  lung  diseases. 

Another  long-term  interest  of  several  members  of  the  Metabolism  Branch 
has  been  the  immunodeficiency  state  associated  with  multiple  myeloma. 
We  were  the  first  investigators  to  provide  evidence  that  suppressor  cells 
might  play  a  role  in  the  depression  of  polyclonal  (non-paraprotein)  immuno- 
globulins found  in  a  number  of  patients  with  this  disease.   Our  initial 
studies  indicated  that  circulating  macrophage-like  cells  from  myeloma 
patients  could  mediate  a  suppressor  effect.   This  observation  has  been 
confirmed  by  other  investigators.   During  the  last  year,  we  have  attempted 
to  extend  these  initial  observations  using  murine  transplantable  plasma- 
cytoma systems,  which  are  considered  valid  models  of  human  myeloma. 
Part  of  the  stimulus  for  these  studies  was  provided  by  data  from  several 
different  laboratories  suggesting  that  a  critical  interaction  between 
T-cells  and  monocytes  is  necessary  for  certain  immunoregulatory  phenomenona. 
We  have  specifically  examined  whether  suppressor  T  cells  (in  addition  to 
the  macrophage-like  population  discussed  above)  were  activated  in  mice 
bearing  plasmacytomas.   Our  work  to  date  suggest  that  excess  suppressor 
T-cell  activity  may,  indeed,  be  observed  in  mice  bearing  plasmacytomas. 
However,  special  experimental  approaches  were  needed  to  reach  this  conclusion. 
We  observed  that  splenic  T  cells  from  ordinary  Balb/C  mice  bearing  plasma- 
cytomas could  mediate  a  suppressor  effect  when  co-cultured  with  normal 
splenocytes  in  the  Mishell-Dutton  primary  immune  response  system.   However, 
contrary  to  our  experience  with  essentially  all  other  suppressor  T-cell 
systems,  the  suppressor  effect  was  most  notable  when  small  numbers  of  T 
cells  from  tumor  bearing  animals  were  used.   Moreover,  the  suppressor 
T-cell  effect  was  potentiated  by  ionizing  irradiation,  which  in  our 
hands  generally  diminishes  suppressor  T-cell  activity.   The  splenic 
T  cells  from  tumor-bearing  animals  were  not  suppressive  when  indicator 
spleen  cells  from  athymic  (nude)  mice  were  used.   Indeed,  these  splenic 
T  cells  produced  a  relatively  potent  helper  effect  under  these  conditions 
(and  ionizing  irradiation  augmented  the  helper  effect).   Taken  together, 
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we  believe  these  observations  indicate  that  a  special  kind  of  regulatory 
T-cell  abnormality  occurs  in  mice  bearing  plasmacytomas.   Our  working 
hypothesis  is  that  such  mice  may  have  abnormal  T  cells  capable  of 
mediating  a  form  of  feedback  suppression.  That  is  T  cells  that  induce 
presuppressor  T  cells  to  become  effectors  of  suppression. 

Another  area  of  research  during  the  past  year  has  centered  around  the 
capacity  of  antibodies  to  la-like  antigens  to  inhibit  a  variety  of  immune 
responses.   In  the  mouse,  la  antigens  are  defined  as  the  surface  membrane 
determinants  (usually  glycoproteins)  encoded  by  genes  within  the  I_-region 
of  the  H-2  locus.   It  is  thought  that  la  antigens  are  critically  involved 
in  a  number  of  genetically  determined  immune  responses  and  in  a  variety 
of  T-cell  regulatory  control  mechanisms.   In  man,  la-like  antigens  exist, 
and  they  are  encoded  by  genes  within  the  HLA-D  region.   It  is  been  known 
for  several  years  that  antibodies  to  la  antigens  can  inhibit  both  cellular 
and  humoral  immune  reactions.   However,  a  precise  understanding  of  the 
mechanism  of  this  effect  has  not  been  achieved. 

During  the  past  year,  we  have  developed  evidence  that  at  least  one 
of  the  mechanisms  involved  in  the  Inhibitory  activity  for  both  T  cell 
proliferation  and  immunoglobulin  synthesis  of  anti-la  antibodies 
is  the  induction  of  suppressor  T  cells.   This  activation  of  suppressor 
T  cells  appears  to  depend  initially  upon  an  antibody-related  modification 
of  auxilliary  macrophages,  which  secondarily  brings  about  the  activation 
of  suppressor  T  cells.   Since  antibodies  to  la-like  determinants  may  be 
detected  in  a  variety  of  clinical  circumstances  (e.g.,  allotransplantation, 
cancer,  maternal/fetal  interactions,  etc)  we  believe  these  observations 
are  of  both  clinical  and  theoretical  interest.   These  findings  also 
suggest  potential  therapeutic  uses  for  such  antisera  as  a  tool  for  suppressing 
immune  response. 

Genetic  Control  of  the  Immune  Response 

Over  the  past  15  years  the  multilayered  regulation  of  the  immune 
system  has  become  increasingly  apparent,  concurrently  with  a  heightened 
recognition  of  the  importance  of  disorders  of  the  regulation  of  the  immune 
system  in  many  disease  states.   One  of  the  most  intriguing  levels  of  such 
regulation  is  the  genetic  one,  especially  by  genes  within  the  major 
histocompatibility  complex  (MHC),  encoding  themajor  transplantation 
antigens.  Most  of  these  immune  response  or  Ir  genes  in  the  mouse,  studied 
primarily  with  simple  synthetic  antigens,  have  been  found  to  be  encoded 
in  a  region,  designated  the  I_  region,  within  the  murine  MHC  known  as  H-2. 
However  their  mechanism  of  action  remains  unknown  despite  intrinsic 
investigation. 

We  have  studied  the  in  vivo  serum  antibody  response  and  in_  vitro  T- 
lymphocyte  proliferative  response  to  a  natural  protein  antigen,  sperm 
whale  myoglobin  (Mb) ,  and  shown  that  both  of  these  responses  are  controlled 
by  the  same  Ir  genes.   Using  inbred  strains  of  mice  which  differ  only  in  H-2 
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complex  (known  as  congenic  strains),  we  demonstrated  that  two  different 
genes,  mapping  in  distinct  subregions  (I-A  and  I-C)  of  the  J[  region  of  H-2, 
controlled  the  responses  to  different  antigenic  determinants  (distinct 
chemical  sites)  on  the  same  antigen  molecule  -  the  first  example  of  such 
independent  control  of  responses  to  different  chemical  moieties  on  the 
same  protein  molecule.  Moreover,  the  gene  which  controlled  the  T-cell 
proliferative  response  to  a  given  determinant  of  myoglobin  also  controlled 
the  production  of  antibodies  specific  for  that  same  region  of  the  molecule  - 
an  indication  of  parallel  control  of  T-lymphocyte  recognition  and  activation 
of  B  lymphocyte  recognition  and  activation  of  B  lymphocytes  with  similar 
specificity. 

One  level  at  which  this  Ir-gene-controlled  choice  of  antigenic 
determinants  recognizable  is  mediated  is  the  recognition  by  T-lymphocytes 
of  antigen  in  associated  with  cell  surface  structures  on  macrophages, 
which  serve  as  antigen  presenting  cells.   These  surface  structures  which  differ 
in  different  inbred  strains  of  mice,  are  encoded  by  genes  also  mapping  in 
the  I_  region  of  H-2,  and  are  therefore  designated  la  (for  I_-assisted) 
antigens.   In  our  experiments,  myoglobin-immune  lymph  node  T  cells, 
depleted  of  macrophages,  from  (high  responder  x  low  responder)  F]_  hybrid 
mice  were  held  constant  as  the  source  of  responding  (proliferating)  T 
cells,  and  the  cultures  were  reconstituted  with  liver  macrophages  from 
high  responder  parental  mice  with  both  Ir  genes,  low  responder  parental 
mice  with  neither  gene,  or  recombinant  mice  with  only  one  gene  or  the 
other.   We  found  that  the  magnitude  of  resopnse,  and  the  selection  of 
which  fragments  of  myoglobin  could  stimulate  these  F^  T  cell  in_  vitro, 
was  determined  by  the  source  of  the  macrophages,  and  corresponded  exactly 
to  the  response  pattern  of  the  strain  of  mice  from  which  the  macrophages 
were  obtained. 

In  order  to  further  understand  the  mechanisms  involved  in  this 
macrophage  reconstitution,  we  attempted  to  present  antigen  to  responding 
immune  T  lymphocytes  by  adding  macrophages  precultured  with  the  antigen 
and  then  washed  to  remove  all  soluble  antigen.   In  the  absence  of  soluble 
antigen,  such  precultured  macrophages  bearing  antigen  led  to  the  same 
genetic  control  of  response  of  (high  responder  x  low  responder)  F]_  T 
lymphocytes  as  seen  when  soluble  antigen  was  used  in  the  earlier  experiments. 
Moreover,  the  same  pattern  of  stimulation  with  fragments  (now  bound  to 
macrophages)  was  observed.   Thus,  antigen  presentation  by  macrophages  is 
one  level  at  which  such  Ir-gene  controlled  determinant  recognition  occurs. 
To  look  at  the  role  of  la  antigen  on  the  macrophages  in  this  presentation, 
we  used  antibodies  specific  for  these  cell  surface  structures  to  block 
these  during  preculture  of  macrophages  with  antigen.   Antibodies  directed 
against  la  antigens  mapping  in  the  same  I-subregions  as  the  Ir_  genes  for 
myoglobin,  when  present  during  the  pretreatment  of  macrophages  with 
myoglobin,  prevented  subsequent  antigen-presentation  by  these  macrophages 
to  immune  T  cells,  even  though  the  macrophages  were  extensively  washed 
free  of  soluble  antibodies.   Antibodies  to  determinants  encoded  in  other 
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regions  of  H-2  did  not  inhibit  antigen  presentation.   These  results 
demonstrate  that  to  block  a  T  cell  proliferative  response,  interaction  of 
anti-la  antibodies  rather  than  the  T  cells  is  sufficient.   A  surprising 
finding  was  that  such  anti-la  antibody-pretreated  macrophages  could 
supprss  the  proliferative  response  of  immune  T  cells  cultured  with  soluble 
myoblogin  and  untreated  macrophages.   The  induction  of  such  suppression 
may  be  one  mechanism,  besides  simply  covering  up  surface  la  antigens,  by 
which  anti-la  antibodies  can  block  a  T  cell  proliferative  response. 

The  limitation  of  T  cell  proliferative  responses  is  that  they  involve 
only  T  cells  and  macrophages,  not  B  lymphocytes  which  produce  antibody. 
In  order  to  study  the  mechanisms  of  determinant-specific  Ir  gene  control 
of  the  antibody  response  to  myoglobin  in  vitro,  we  have  developed  a 
modified  Mishell-Dutton  culture  system  in  which  secreted  antibody  specific 
for  myoglobin  can  be  measured  in  the  culture  supernatants  by  a  solid 
phase  radioimmunoassay.   We  have  found  this  in  vivo  antibody  response 
is  macrophage  and  helper  T-cell  dependent,  as  shown  by  experiments  depleting 
these  cells. 

Central  to  the  mechanism  of  Ir-gene  control  is  the  nature  of  the  T- 
lymphocyte  receptor  or  receptors  which  recognize  antigen  in  association 
with  la  molecules  on  the  macrophage  surface.   In  contrast  to  B  lymphocyte 
receptors,  which  are  immunoglobulin,  the  T-cell  receptors  have  not  be 
ioslated  or  well  characterized.   Detection  of  T  cell  receptors  as  antigen- 
binding  molecules  requires  a  sensitive  assay  which  does  not  depend  on  a 
second  developing  reagent,  such  as  anti-immunoglobulin.   We  have  used 
myoglobin  coupled  to  T4  phage  to  detect  receptors  by  their  ability  to 
inactivate  the  phage.   This  method  can  detect  25  pM  antigen  binding  site 
concentrations.   By  this  method,  we  have  now  detected  myoglobin-binding 
receptors  in  sonicates  of  nylon-column  purified  T  lymphocytes  from  lymph 
nodes  of  mice  immunized  with  myoglobin.   The  T  cell  origin  of  the  activity 
was  shown  by  its  enrichment  in  purified  T  cell  populations  and  its  marked 
reduction  when  T  cells  were  eliminated  with  anti-Thy  1  antibody  plus 
complement.   The  activity,  which  could  be  purified  from  sonicates  by 
binding  to  a  myoglobin  column,  did  not  bind  to  an  anti-mouse  immunoglobin 
column.   The  titers  of  T  cell  receptors  from  immunized  mice  followed  the  same 
Ir  gene  control  (mapping  in  I -A  and  I-C)  as  the  T-cell  proliferative 
responses  when  a  series  of  high,  low,  and  intermediate  (recombinant)  H-2 
congenic  strains  were  tested-presumably  a  reflection  of  the  degree  of 
clonal  expansion  in  these  strains.   The  activity  was  competitively 
inhibited  by  myoglobin  but  not  by  other  proteins.   Using  this  approach, 
we  hope  to  purify  and  characterize  these  receptors  and  determine  their 
relationship  to  B  cell  immunoglobulin  (by  fine  specificity  and  by  idiotype) 
and  to  la  and  receptors  for  la  molecules. 

We  have  initiated  studies  to  characterize  the  antibody  binding  site 
specific  for  myoglobin.   Using  the  recently-introduced  technology  of 
hybrid  cell  lines  (hybridoraas)  made  by  fusing  immune  splenic  B  cells  with 
a  nonsecreting  plasmacytoma  tumor,  we  have  isolated  12  single  clones  of 
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hybridoma  cells  secreting  specific  anti-myoglobin.   The  supernatant 
antibodies  manifest  linear  Scatchard  plots,  expected  for  homogeneous 
antibodies,  and  affinities  from  0.7  to  2.2  x  109  M-1,  significantly  higher 
than  most  myeloma  proteins.   Although  they  do  not  bind  to  either  of  the 
fragments  (1-55)  or  (132-153)  of  myoglobin  tested,  they  crossreact  with  a 
variety  of  myoglobins  from  other  species.   Using  a  competitive  binding 
radioimmunoassay  we  have  determined  the  relative  affinities  of  six  of  the 
monoclonal  antibodies  for  seven  different  myoglobins  from  other  species, 
which  differ  from  sperm  whale  myoglobin  at  known  amino  acid  residues. 
These  data  are  being  used  to  pinpoint  the  antigenic  sites  on  myoglobin 
for  which  each  antibody  is  specific.   Then  we  should  be  able  to  compare 
the  sequence  of  the  combining  site  of  the  pure  antibody  with  that  of  the 
site  on  myoglobin  with  which  it  interacts. 

Mechanism  of  Action  of  Cytotoxic  Mononuclear  Cells  and  Their  Contribution 
to  Host  Defense 

Cytotoxic  killer  cells  have  been  implicated  in  a  number  of  systems 
of  host  defense  including  the  destruction  of  malignant  cells.   The  studies 
of  the  types  of  cells  involved,  the  surface  characterisitcs,  cytotoxic 
repertoire,  and  the  mechanism  of  action  of  these  various  cytotoxic  killer 
cells  and  their  contribution  to  host  defense  were  continued.   Model 
systems  have  been  developed  for  the  study  of  killer  T  cells,  cytotoxic  K 
lymphocytes  and  cytotoxic  monocytes  in  a  series  of  distinct  cytotoxic 
processes.   These  have  included  antibody  dependent  cellular  cytotoxicity, 
mitogen  induced  cellular  cytotoxicity,  natural  killer  and  monocyte 
dependent  cytotoxicity  and  cytotoxicity  directed  against  autologous  cells 
modified  by  chemicals  or  viruses. 

Over  the  past  year  special  emphasis  has  been  placed  on  studies  of  a 
form  of  cell-mediated  cytotoxicity  mediated  by  thymus-derived  cells 
(T- lymphocytes)  possessing  target  cell  antigen  specific  receptors  which 
are  not  conventional  immunoglobulin  molecules.   Such  cytotoxic  T-cells 
are  non-detectable  in  non-immunized  individuals.   Human  cytotoxic  T- 
lymphocytes  (CTL)  with  receptor  specificities  for  cell  surface  transplantation 
antigens  present  on  the  cells  of  unrelated  individuals  may  be  generated 
during  seven  days  of  in  vitro  mixed  luekocyte  culture  in  which  responder 
leukocytes  are  immunized  by  co-culture  with  the  leukocytes  of  a  non- 
related  individual  whose  proliferative  capacity  has  been  inhibited  by 
irradiation.   In  such  cultures,  responder  CTL  precursors  proliferate  and 
mature  into  cytotoxic  effectors.   Since  these  immune  cytotoxic  cells  are 
specific  for  antigens  which  differ  among  individuals  of  the  same  species 
(alloantigens)  these  effectors  are  termed  alio immune  CTL.   Immune  CTL  may 
also  be  produced  with  receptor  specificities  for  chemical  or  viral 
antigens.   Recent  studies  have  demonstrated  that  individuals  immunized 
either  in  vitro  or  in  vivo  with  chemical  haptens  or  viral  antigens  produce 
CTL  which  will  lyse  homologous  antigen  bearing  autologous  (self)  target 
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cells,  but  will  lyse  antigen  bearing  targets  from  other  individuals  only 
when  the  target  cell  and  the  immune  CTL  share  genetically  determined 
histocompatibility  antigens.   The  relevant  histocompatiblity  antigens 
which  must  be  shared  between  targets  and  CTL  and  those  encoded  by  a 
genetic  locus  termed  the  major  histocompatibility  complex  (MHC)  which  in 
humans  codes  for  the  HLA  A,  B  and  C  antigens.   These  cytotoxic  T-cells 
with  receptor  specif iciaties  for  foreign  antigens  plus  autologous  MHC 
determined  cell  surface  antigens  are  termed  self  MHC  restricted  CTL. 
These  self  MHC  restricted  CTL  are  thought  to  play  a  major  pathologic  role 
in  vivo  in  the  recovery  from  virus  infections,  immunologic  surveillance 
against  neoplasia  and  deleterious  autoimmune  phenomena  under  certain 
conditions.   In  humans,  CTL  with  receptor  specificities  for  chemical 
haptens  (trinitrophenol-TNP)  and  autologous  MHC  antigens  have  been  produced 
in  vitro  by  seven  days  of  primary  immunization  of  responder  leukocytes 
with  haptenated  autologous  leukocytes  followed  by  five  additional  days  of 
secondary  in  vitro  stimulation  with  fresh  autologous  hapten  modified  cells. 
Human  CTL  with  specificities  for  viral  antigens  and  self  MHC  antigens 
have  also  been  produced  in  vitro  by  culturing  responder  leukocytes  with 
inf luenze  A/Hong  Kong  X  3T  virus  infected  autologous  leukocytes  for 
seven  days. 

Studies  were  continued  to  define  the  cellular  requirements  for  the 
generation  of  alloimmune  and  self-MHC  restricted  CTL,  and  the  potential 
of  cells  from  patients  with  immunodeficiency  diseases  to  generate  self- 
MHC  restricted  CTL.   Previously  we  have  demonstrated  that  highly  purified 
human  T-cells  were  necessary  and  sufficient  as  responders  in  the  production 
of  alloimmune  and  self-MHC  restricted  CTL.   Additional  studies  were 
undertaken  to  define  the  requirement  for  macrophages  in  both  cytotoxic 
assays.   Peripheral  blood  mononuclear  cells  were  rigorously  depleted  of 
macrophages  by  sequential  removal  of  cells  capable  of  ingesting  particulate 
iron  and  then  cells  possessing  receptors  for  the  crystalyzable  fragment 
(Fc)  of  IgG.   Such  macrophage-depleted  lymphocytes  did  not  generate  self- 
MHC  restricted  CTL  for  influenza  virus  but  could  generate  virus  specific 
CTL  when  mixed  with  irradiated  adherent  macrophages  which  themselves  did 
not  contain  CTL  precursors.   Thus  the  in  vitro  generation  virus-specific 
of  self-MHC  restricted  CTL  was  shown  to  be  macrophage-dependent .   When 
responder  cells  for  the  generation  of  alloimmune  CTL  were  equally  rigorously 
macrophage-depleted,  the  generation  of  CTL  was  diminished  but  not  abrogated. 
However  when  both  responder  and  stimulator  cells  were  macrophage-depleted, 
no  CTL  were  produced.   Addition  of  irradiated  adherent  macrophages  from 
either  the  responder  or  the  stimulator  individual  restored  the  response 
even  though  neither  population  of  macrophages  contained  CTL  precursors. 
Thus  the  generation  of  human  alloimmune  CTL  in  mixed  leukocyte  cultures 
was  dependent  on  macrophage  function  in  the  responder  cell  population 
only  when  the  irradiated  stimulator  population  was  macrophage-depleted. 
This  observation  has  profound  importance  for  the  use  of  mixed  leukocyte 
cultures  and  the  generation  of  alloimmune  CTL  to  assess  immunocompetence 
within  responder  cell  populations.   Macrophage  defects  within  the  responder 
population  may  only  be  observed  when  the  stimulator  cell  populations  are 
devoid  of  macrophages. 
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Given  the  observation  that  certain  immune  CTL  are  restricted  to  recognize 
antigens  in  the  context  of  self-MHC  products,  one  might  ask  how  these 
restrictions  are  imposed  on  CTL.   Recent  studies  in  experimental  animals 
have  suggested  that  bone  marrow  stem  cells  differentiating  within  the 
thymus  develop  receptor  specificities  for  MHC  products  expressed  on  the 
thymic  epithelium.   These  receptor  specificities  which  then  constitute 
the  repetoire  of  MHC  products  considered  as  self  and  are  stable  in  the 
peripheral  T-cell  population.   Cells  expressing  receptor  specificities 
for  foreign  antigens  plus  self-MHC  products  are  then  selected  from  this  T- 
cell  pool  by  the  antigen  presenting  lymphoreticular  cells.   The  generation 
of  these  CTL  may  also  require  MHC  restricted  T-helper  cells  and  be  under 
the  influence  of  T-suppressor  cells. 

Humans  with  immunodeficiency  diseases  such  as  common  variable 
hypogammaglobulinemia  (CVH),  ataxia-telangiectasia,  and  the  Wiskott  Aldrich 
syndrome  have  recurrent  infections,  including  those  caused  by  viruses, 
and  a  greatly  increased  incidence  of  neoplasia.   Therefore,  these  patients' 
lymphocytes  were  studied  for  their  capacity  to  generate  influenze  virus 
immune  CTL.   Five  of  eight  common  variable  immunodeficiency  patients 
studied  possessed  lymphocytes  capable  of  generating  influenza  immune 
CTL.   In  these  patients,  immune  CTL  were  also  restricted  to  lyse  MHC 
compatible  target  cells.   In  the  three  patients  who  did  not  generate 
CTL,  this  defect  was  not  attributable  to  the  lack  of  T-cells  or  the 
inability  of  the  patient's  cells  to  become  virus  infected  and  be  lysed 
by  MHC  compatible  immune  effectors.   In  ten  ataxia-telangiectasia  patients 
studied  thus  far,  the  lymphocytes  from  nine  have  lacked  the  capacity  to 
produce  virus  immune  CTL.   In  all  of  the  nonresponsive  patients  this 
finding  was  not  due  to  reduced  proportions  of  T-cells.  Moreover,  in 
five  of  eight  patients  not  generating  CTL  this  defect  was  not  attributable 
to  the  patients'  cells  not  becoming  virus  infected  and  being  lysed  by  MHC 
compatible  immune  effectors.   In  addition  neither  plasma  inhibitory 
factors  nor  excessive  cellular  suppression  appear  to-  be  responsible  for 
the  inability  of  ataxia-telangiectasia  patients  to  produce  virus-specific 
CTL.   The  failure  of  ataxia  telangiectasia  patients  to  produce  virus 
specific  CTC  is  of  interest  since  these  patients  often  die  in  early  life 
of  recurrent  infections  or  neoplasia  and  since  they  have  been  postulated 
to  have  a  defect  in  endodermal-mesodermal  interactions  leading  to  an 
embryonic  appearing  thymus  almost  devoid  of  epithelial  elements  which  might 
"Instruct"  stem  cells  to  recognize  self  MHC,  a  recognition  step  required 
for  this  form  of  cytotoxicity. 

It  was  also  of  interest  to  study  patients  with  the  Wiskott-Aldrich  Syndrome 
for  the  capacity  to  produce  virus-specific  CTL  since  these  individuals  also  have 
frequent  life  threatening  virus  infections  and  an  extremely  high  risk  of 
neoplasia  which  has  been  virus  associated.   In  seven  Wiskott-Aldrich  syndrome 
patients  studied  thus  far,  six  failed  to  produce  virus  immune  CTL.   The  one 
patient  who  responded,  produced  minimal  CTL  activity  which  was  less  than 
6%  the  normal  control  value.   In  the  six  patients  not  generating 
CTL  this  defect  was  attributable  to  a  defect  in  the  production  of  CTL  since  in 
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each  case  virally  infected  patient's  cells  were  lysed  by  MHC  compatible  immune 
effectors.   Recently,  total  immunologic  reconstitutlon  in  the  Wiskott-Aldrich 
syndrome  has  been  reported  following  bone  marrow  ablative  therapy  and  bone 
marrow  transplantation  from  MHC  identical  siblings.   One  patient  who  lacked 
the  capacity  to  produce  virus-specific  CTL  prior  to  such  therapy,  generated 
normal  CTL  activity  6  months  following  bone  marrow  transplantation.   An 
additional  transplantated  Wiskott-Aldrich  syndrome  patient  who  is  chaemeric 
and  possesses  donor  peripheral  blood  T-cells  and  B-cells  following  immuno- 
suppression (without  ablation)  and  MHC  matched  bone  marrow  transplantation 
also  possesses  a  normal  potential  for  the  generation  of  virus  specific 
self-MHC  restricted  CTL. 

These  studies  demonstrate  that  in  certain  common  variable  immunodeficiency 
disease  patients  lacking  humoral  immune  responsiveness  to  viruses,  CTL 
effector  responses  may  be  retained  and  contribute  to  host  responsiveness. 
The  inability  to  generate  CTL  in  some  CVH  patients  and  the  majority  of 
ataxia-telangiectasia  and  Wiskott-Aldrich  syndrome  patients  may  contribute 
to  the  increased  incidence  of  infections  and  neoplasia  observed  in 
association  with  these  diseases. 

Another  major  area  of  investigation  utilizes  a  model  of  in  vitro 
spontaneous  monocyte  mediated  cytotoxicity  which  we  have  developed  and 
characterized  using  human  mononuclear  cells.   These  cytotoxic  monocytes 
are  under  the  control  of  potent  suppressor  lymphocytes.   In  addition, 
several  agents  including  pokeweed  mitogen  activate  lymphocyte  mediated 
suppression  of  monocyte  mediated  cytotoxicity.   With  our  model  of  spontaneous 
monocyte  mediated  cytotoxicity  we  have  begun  to  examine  the  in  vitro  and 
in  vivo  effects  of  cancer  chemotherapeutic  agents  on  this  form  of 
cytotoxicity.   Cis  platinum,  L-phenylallanine  mustard,  and  adriamycin 
were  shown  to  be  profound  activators  of  in  vitro  spontaneous  monocyte 
mediated  killing.   Furthermore,  we  have  found  that  in  vitro  X-irradiat ion 
also  markedly  enhances  spontnaeous  monocyte  mediated  killing.   Three 
important  aspects  of  this  work  have  emerged.   First,  monocyte  activation 
occurs  at  very  low  doses  of  both  irradiation  and  chemotherapeutic  agents  - 
well  within  the  range  of  what  might  be  expected  to  be  delivered 
therapeutically  in  vivo  to  tumor  tissue.   Second,  these  agents  activate 
monocytes  through  different  mechanisms.   For  example,  X-irradiation 
inactivates  suppressor  lymphocytes  whil  cis-platinum  directly  activates 
monocyte  function.   Finally,  these  in_  vitro  assays  have  recently  been 
applied  to  patients  receiving  chemotherapy  for  a  variety  of  solid  tumors. 
Not  only  is  spontaneous  monocyte  mediated  killing  suppressed  in  patients 
with  malignancy,  but  also  monocyte  killing  function  is  restored  during 
chemotherapy  and  this  response  may  correlate  with  clinical  response. 
Thus  we  have  expanded  our  original  observations  concerning  spontaneous 
monocyte  mediated  cytotoxicity  and  have  used  this  model  to  examine  methods 
of  activating  monocyte  function  both  in  vitro  and  in  vivo. 
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Our  laboratory  has  also  been  deeply  interested  in  the  inhibitory 
effect  of  simple  mono  and  disaccharides  on  the  immune  response.   We  have 
shown  that  certain  monosaccharides  markedly  inhibit  antigen  specific  T 
cell  responses  in  vitro.   In  a  related  series  of  experiments  we  have 
demonstrated  that  a  different  set  of  sugars  profoundly  inhibits  spontaneous 
monocyte  mediated  cytotoxicity.   Interestingly  this  inhibition  is  target 
specific  -  that  is,  one  sugar  consistently  blocks  one  target  but  not 
another.   These  data  are  consistent  with  our  hypothesis  that  monocytes 
recognize  and  kill  targets  through  receptors  for  defined  sugars. 

In  a  collaborative  investigation  with  Dr.  Harvey  Colton  in  Boston  we 
have  expanded  our  previous  findings  and  have  further  characterized  a  heat 
labile  plasma  factor  which  activates  both  human  monocytes  and  lymphocytes 
to  kill  a  variety  of  targets  in  the  absence  of  any  pre-exisiting  immunity. 
We  have  found  that  both  forms  of  these  so  called  "non-specific"'  killing 
models  require  Factor  B  of  the  alternate  complement  pathway  and  factor  C5 
of  the  classical  complement  system.   However,  lymphocyte  mediated  killing 
requires  C7  and  C8  while  monocyte  killing  is  independent  of  these  factors. 
These  data  unite  antibody  independent  forms  of  serum  directed  cell  mediated 
cytotoxicity  with  previously  described  fluid  phase  mediated  target  cell 
lysis  which  occurs  in  the  absence  of  effector  cells.   Furthermore,  our 
data  suggest  a  common  trigger  mechanism  resulting  in  both  fluid  phase  and 
cell  mediated  forms  of  immediate  "non-specific"  host  defence  which  can 
act  immediately  and  in  the  absence  of  pre-exisiting  forms  of  immunological 
host  defence.   Finally  these  data  strongly  suggest  that  monocytes  and 
lymphocytes  require  different  serum  components  to  be  activated  to  kill 
and  therefore  represent  two  separate  and  unique  forms  of  antigen  non- 
specific immunity. 

The  Normal  Regulation  of  Mucosal  Immune  Responses  and  Disorders  of  Immune 
Regulation  in  Gastorintestinal  Diseases. 

In  previous  studies  we  have  shown  that  IgA  immunoglobulin  responses 
are  governed  by  regulatory  T  cells  which  are  distinct  from  the  regulatory 
T  cells  controlling  IgM  and  IgG  synthesis.   One  of  the  possibilities 
inherent  in  a  class-specific  regulatory  system  is  that   immunization 
could  lead  to  independent  regulatory  events  of  antibody  formation  in  the 
individual  immunoglobulin  classes.   To  substantiate  this  possibility,  we 
examined  whether  or  not  T  cells  in  Peyer's  patches  and  in  mesenteric 
lymph  nodes  obtained  from  ovalbumin  fed  mice  could  effect  the  magnitude 
of  anti  ovalbumin  IgA  and  IgG  responses  independently  in  immunized  mice 
to  which  the  T  cells  were  adoptively  transferred.   In  these  studies  we 
demonstrated  that  protein  feeding  results  in  the  Induction  of  antigen-specific 
IgA-specific  helper  T  cells.   These  cells  were  found  in  the  Peyer's 
patches  within  one  day  of  antigen  feeding  and  at  a  later  point  in  the 
mesenteric  lymph  nodes.  More  importantly  we  showed  that  at  the  same 
time  as  IgA-specific  helper  T  cells  made  their  appearance,  IgG-specific 
suppressor  T  cells  were  also  becoming  manifest.   Anti-9  treatment  of 
the  transferred  cell  population  abolished  both  IgG  suppression  and  IgA  help 
whereas  anti-Ly2  treatment  abolished  only  IgG  suppression. 
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Thus,  IgA  and  IgG  responses  following  oral  feeding  can  be  regulated 
independently,  probably  as  a  result  of  immunoglobulin  class-specific  regulatory 
T  cells  which  are  specific  for  these  immunoglobulin  classes.   The  significance 
of  these  findings  is  that  oral  immunization  can  result  in  quite  different 
effects  depending  on  the  class  of  immunoglobulin  examined:   while  systemic 
unresponsiveness  to  a  specific  antigen  is  elicited  following  oral  immunization 
(involving  IgG  antibody)  one  may  nevertheless  find  mucosal  responsiveness 
(involving  IgA  antibody). 

In  related  studies  we  determined  the  capacity  of  Peyer's  patch  macrophages 
to  present  antigen  and  therefore  mediate  an  immune  response.   Such  antigen 
presentation  would  be  the  first  step  in  immunoregulatory  events  involving  T 
cells  as  well  as  clonal  expansion  involving  B  cells.  Previous  studies  of 
Peyer's  patch  macrophage  function  have  led  to  the  conclusion  that  macrophages 
obtained  from  the  Peyer's  patches  are  unable  to  present  antigen  and  this 
was  used  to  explain  the  fact  that  antibody  production  does  not  normally 
take  place  in  the  Peyer's  patch.   In  the  present  series  of  experiments, 
we  used  newly  developed  methods  for  extracting  and  Isolating  macrophages 
from  the  Peyer's  patches  which  are  based  on  the  use  of  collagenase. 
With  these  methods  we  were  able  to  show  that  Peyer's  patch  macrophages 
do  in  fact  function  quite  normally  as  cells  which  can  present  antigen 
and  therefore  antigens  present  in  Peyer's  patches  can  initiate  immune 
responses  both  at  the  B  and  T  cell  level.   The  lack  of  antibody  production 
In  Peyer's  patches  is  probably  related  to  the  fact  that  induced  cells 
quickly  leave  the  patch  following  initial  antigen  stimulation. 

Primary  biliary  cirhhosis  is  a  progressive  disease  of  the  liver 
characterized  by  intrahepatic  cholestasis,  bile  duct  proliferation,  and 
periductal  lymphocyte  infiltration.   In  previous  studies  we  have  shown 
that  primary  biliary  cirrhosis  patients  almost  universally  have  a  defect  in  the 
ability  to  manifest  T  cell-mediated  suppression  of  polyclonal  immunoglobulin 
synthesis  which  normally  occurs  in  cultures  containing  a  high  T  cell  to 
B  cell  ratio.   Interestingly,  this  suppressor  cell  defect  was  manifest 
only  in  cultures  comprised  of  mixtures  of  syngeneic  (autologous)  T  and  B 
cells  and  was  not  present  in  cultures  of  allogeneic  cells.   This  suggested 
that  suppressor  cells  generated  as  a  result  of  autologous  interactions  were 
deficient,  whereas  those  resulting  from  allogeneic  interactions  were  intact. 

To  explore  this  question  we  studied  the  autologous  mixed  lymphocyte 
reaction  (autologous  MLR)  in  patients  with  primary  biliary  cirrhosis. 
We  cultured  mixtures  of  T  and  B  cells  (derived  from  anti-Fab  columns) 
both  in  syngeneic  and  allogenic  combinations  and  measured  subsequent 
thymidine  incorporation  in  proliferating  responder  T  cells.   We  found 
that  T  cells  from  patients  with  primary  biliary  cirrhosis  have  a  5  to  10 
fold  decrease  In  the  ability  to  mount  an  autologous  MLR  whereas  they 
have  a  normal  capacity  to  mount  an  allogeneic  MLR. 
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Since  the  autologous  MLR  is  felt  to  be  a  response  to  altered  self- 
antigens  we  then  deliberately  modified  stimulator  (non  T  cell)  cell  populations 
by  reacting  the  cells  with  trinitrophenyl  groups,  and  used  the  TNP-modified 
cells  as  stimulator  cells  in  autologous  MLR.   We  found  that  primary  biliary 
cirrhosis  T  cells  had  greatly  reduced  responses  to  TNP-modified  stimulator 
cells  indicating  that  the  reduced  autologous  MLR  in  this  disease  is 
associated  with  a  defect  in  the  ability  to  respond  to  altered  self  antigens. 

A  reduced  autologous  MLR  has  been  found  in  other  autoimmune  diseases 
such  as  systemic  lupus  erythematosus.   The  discovery  that  primary  biliary 
cirrhosis  is  also  characterized  by  this  defect  suggests  that  this  abnormality 
may  play  an  important  role  in  the  production  of  autoimmunity.   In  the 
case  of  primary  biliary  cirrhosis  this  idea  is  strengthened  by  the  observation 
mentioned  above,  that  the  suppressor  T  cell  defect  is  seen  in  autologous 
but  not  in  allogeneic  interactions. 

Gluten  sensitive  enteropathy  is  a  disease  of  the  gastrointestinal 
tract  associated  with  malabsorption,  villous  flatening,  lymphocyte 
infiltration  of  the  lamina  propria  and  an  increased  incidence  of  neoplasia. 
It  is  due  to  the  toxic  effect  of  wheat  proteins  (glladin)  on  the 
gastrointestinal  mucosa.   In  the  past  we  have  shown  that  gluten  sensitive 
enteropathy  is  associated  with  a  series  of  HLA  antigens  commonly  found  in 
a  variety  of  autoimmune  disease.   For  this  reason  as  well  as  a  variety  of 
others  it  is  possible  that  gluten  sensitive  enteropathy  is  due  to  disordered 
immune  response  to  gliadin  protein.   To  substantiate  this  possibility  we 
have  developed  a  method  of  stimulating  cells  of  patients  with  gluten 
sensitive  enteropathy  in  vitro  with  purified  gliaden  protein  fractions. 
In  this  method  the  cells  of  patients  are  placed  into  culture  with  gliaden 
protein  and  at  the  end  of  7  to  14  days  the  supernatants  are  examined  with 
a  solid  phase  assay  for  antigliaden  antibodies  which  utilizes  radiolabeled 
anti-immunoglobulins .   With  this  technique  the  activity  of  regulatory  T 
cells  specific  for  a  given  antigen  can  be  determined. 

In  other  studies  we  measured  levels  of  circulating  IgA  immune  complexes 
in  these  patients,  and  determined  that  approximately  50%  of  the  patients 
had  such  complexes,  particularly  those  patients  with  active  disease. 
Such  complexes  may  play  a  role  in  the  extraintestinal  manifestation  of 
gluten  sensitive  enteropathy. 

Mechanism  of  Action  of  Growth  Hormone 


An  understanding  of  the  biochemical  events  constituting  normal  growth 
may  be  a  prerequisite  for  understandingg  abnormal  growth  (malignant).   We 
have  chosen  to  study  the  growth  process  stimulated  by  growth  hormone  as  a 
model  of  normal  growth.   There  is  considerable  evidence  that  many  of  the 
anabolic  actions  of  growth  hormone  are  mediated  by  a  polypeptide  hormone 
called  somatomedin.   Although  several  human  somatomedins  have  been  purified 
from  human  plasma,  only  small  quantities  of  highly  purifid  peptides  are 
available.   As  a  source  of  somatomedin,  we  have  utilized  serum-free 
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medium  conditioned  by  a  rat  liver  cell  line  (BRL-3A).   The  BRL-3A  cell 
line  produces  a  family  of  polypeptides  called  MSA  (multiplication  stimulating 
activity).  We  have  purified  two  of  these  MSA  polypeptides  to  homogeneity. 
In  collaboration  with  Dr.  Matthew  Rechler's  laboratory  (NIAMDD)  and 
laboratories  in  Stockholm,  Zurich,  and  Chapel  Hill  we  have  shown  that 
MSA  is  closely  related  to  the  somatomedins  purified  from  human  plasma. 
These  studies  have  compared  the  ability  of  MSA  and  the  human  somatomedins 
to  compete  for  binding  of  l^I-labeled  polypeptides  to  receptors  in 
whole  cells  and  purified  membrane  fractions.   In  particular,  studies  on 
chick  embryo  fibroblasts  have  correlated  ability  to  bind  to  an  MSA  or 
"growth"  receptor  with  ability  to  stimulate  DNA  synthesis  in  the  same 
cells,  arguing  for  a  functional  significance  for  the  receptor. 

In  both  blood  and  the  medium  conditioned  by  the  BRL-3A  cell  line,  MSA 
is  found  bound  to  a  larger  carrier  protein.   In  the  case  of  rat  serum  we 
have  shown  that  the  binding  protein  is  under  growth  hormone  control  being 
low  in  growth  hormone  deficient  states  and  increasing  after  growth  hormone 
treatment  of  the  animal.   Although  the  function  of  the  binding  protein  is 
not  known  we  have  reported  evidence  in  the  rat  that  one  role  of  the 
carrier  protein  is  to  increase  the  biological  half-life  of  somatomedin. 

In  order  to  determine  whether  or  not  the  MSA  produced  by  the  BRL-3A 
rat  liver  cell  line  is  indeed  found  in  the  rat  ^n  vivo  we  developed  a 
radioimmunoassay  for  MSA.   Using  this  radioimmunoassay  we  were  indeed 
able  to  measure  MSA  in  rat  serum.   We  were  surprised  to  find  elevated 
levels  of  MSA  by  radioimmunoassay  in  fetal  rat  serum  with  decreasing 
levels  following  birth.   This  pattern  is  directly  opposite  to  the 
developmental  pattern  of  serum  levels  of  somatomedins  in  rat  and  man  and 
suggests  that  MSA  may  be  a  fetal  growth  factor  whereas  other  somatomedins 
assume  importance  In  later  life. 

During  the  past  year,  in  collaboration  with  Vincent  Hascalls  laboratory 
(NIDR)  we  have  investigated  the  effect  of  MSA  on  Swarm  rat  chondrosarcoma 
chondrocytes  in  monolayer  culture.   This  chondrocyte  monolayer  system  was 
of  interest  because  cartilage  tissue  Is  a  major  target  of  growth  hormone 
action  in_  vivo,  the  anabolic  effects  presumably  being  mediated  by  somatomedins 
We  found  that  MSA  stimulated  proteoglycan  synthesis  in  the  chondrosarcoma 
chondrocytes.  We  were  surprised  to  find  that  physiologic  concentrations 
of  insulin  also  stimulated  proteoglycan  synthesis  and  insulin  was  100 
fold  more  potent  than  MSA.   This  finding  is  in  contrast  to  previous 
studies  on  cartilage  slices  and  chondrocytes  isolated  from  normal  cartilage 
tissue  where  insulin  has  only  been  active  at  pharmacologic  concentrations. 

Preliminary  experiments  which  have  investigated  the  binding  of  "-'I- 
insulin  and  125i_msa  to  chondrosarcoma  chondrocytes  suggest  that  insulin 
is  stimulating  proteoglycan  synthesis  by  acting  through  the  insulin 
receptor  rather  than  by  action  through  the  MSA  "growth"  receptor.   This 
cell  system  should  serve  to  further  compare  the  mechanisms  of  action  of 
insulin  and  the  somatomedins  in  stimulating  proteoglycan  synthesis. 
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Recently  we  also  have  demonstrated  that  MSA  in  fetal  rat  serum  Is 
associated  with  a  slighty  smaller  than  albumin  sized  binding  protein; 
the  larger  growth  hormone  dependent  binding  protein  is  completely  absent 
in  the  fetal  serum.   Preliminary  experiments  show  that  the  same  is  true 
in  premature  human  infants;  the  growth  hormone  dependent  binding  protein 
is  absent  and  somatomedin  activity  is  associated  with  the  smaller  carrier 
protein. 

The  Proline  Biosynthesis  and  Metabolism 

We  propose  that  the  enzymes  catalyzing  the  interconversions  of  proline, 
pyrroline-5-carboxylate  (PC),  ornithine  and  glutamate  constitute  a  meta- 
bolic system  for  the  intercompartmental,  intercellular  and  interorgan 
transfer  of  redox  potential.   Central  to  this  hypothesis  is  the  proline 
cycle  in  which  proline  and  pyrroline-5-carboxylic  acid  (PC)  function  as 
a  redox  pair  and  their  interconversions  catalyzed  by  proline  oxidase  and 
pyrroline-5-caraboxylate  reductase,  mediate  the  redox  transfers.  PC 
reductase,  a  cytosolic  enzyme,  oxidizes  either  NADH  or  NADPH  accompanying 
the  formation  of  proline.   Proline  oxidase  which  is  tightly  bound  to 
mitochondrial  inner  membranes  converts  proline  back  to  PC,  donates  protons 
to  electron  transport  and  thereby  phosphorylates  ADP  by  a  mechanism 
independent  of  NADH  oxidation.   The  availability  of  PC  for  participation 
in  the  proline-PC  cycle  may  depend  on  the  enzymes  catalyzing  the  intercon- 
versions of  ornithine  and  glutamate,  i.e.  PC  synthase,  ornithine  amino- 
transferase and  PC  dehydrogenase;  all  of  which  have  PC  either  as  substrate 
or  product  and  thereby  determine  the  availability  of  PC  for  participation 
in  the  proline-PC  cycle. 

Evidence  supporting  the  proline  cycle  come  from  several  experimental 
approaches.   First,  we  showed  that  proline-PC  cycles  between  intact  hepato- 
cytes  and  erythrocytes  and  the  accompanying  redox  transfer  drives  the 
hexosemonophosphate-pentose  (HMP)  pathway  in  erythrocytes.   The  differential 
cellular  locations  of  the  involved  enzymes  are  an  essential  feature  for  this 
demonstration.   Erythrocytes  have  PC  reductase  but  no  other  enzyme  of 
proline  metabolism.   Therefore,  erythrocytes  cannot  synthesize  PC  and  the 
metabolic  fate  of  PC  is  confined  to  its  conversion  to  proline.   PC  added 
to  the  incubation  medium  drives  the  activity  of  the  HMP  in  erythrocytes 
by  providing  the  requisite  oxidizing  potential  (NADP+)  for  augmenting 
HMP  activity.   At  saturation,  PC  increases  HMP  activity  15-20  fold. 
In  contrast,  hepatocytes  have  proline  oxidase  as  well  as  the  other  proline-PC 
metabolizing  enzymes  but  they  do  not   respond  in  their  HMP  activity  to 
added  PC  or  proline.   Instead,  PC  produced  from  proline  by  hepatocytes 
is  released  into  the  medium.   With  these  metabolic  characteristics  defined, 
we  were  able  to  show  that  proline  stimulates   HMP  activity  in  erythrocytes 
but  only  when  hepatocytes  were  present  in  a  co-incubation. 

We  showed  that  it  was  indeed  PC  produced  by  hepatocytes  and  transferred 
into  erythrocytes  which  mediated  the  observed  effect.   o-Aminobenzaldehyde 
reacts  with  delta-  1  double  bonds  and  covalently  binds  PC.   The  addition 
of  o-aminobenzaldehyde  to  the  co-incubation  specifically  abolishes  the 
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effect  of  proline  on  HMP  activity.   Thus,  proline  is  converted  to  PC  by 
hepatocyte  proline  oxidase,  the  PC  is  released  and  taken  up  by  erythrocytes 
and  is  converted  back  to  proline  by  erythrocyte  PC  reductase  with  the  concom- 
itant oxidation  of  NADPH. 

Our  second  approach  was  to  show  in  a  reconstituted  system  that  the 
cycling  of  proline-PC  generated  both  NADP+  and  ATP.   By  incubating  ADP  and 
NADPH  with  mitochondria  and  erythrocyte  cytosol,  we  showed  that  the 
generation  of   C02  from  glucose-(l)-  C  which  requires  both  ATP  and 
NADP+  was  markedly  augmented  by  PC  or  proline.   We  showed  that  the 
proline-dependent  formation  of  ATP  requires  mitochondria  but  is  indepen- 
dent of  NADH  oxidation;  the  oxidation  of  NADPH  requires  PC  and  PC  reductase. 
These  findings  allowed  us  to  postulate  that  the  cycling  of  proline-PC 
links  glucose  oxidation  through  the  HMP  pathway  to  mitochondrial  oxidative 
phosphorylation  by  a  mechanism  independent  of  NADH  oxidation. 

Another  approach  we  have  undertaken  is  to  show  the  transfer  of  pro- 
tons from  glucose  to  proline  as  a  measure  of  the  cycling  of  proline-PC. 
Using  glucose-(l)-%,  we  quantitated  the  radioactivity  incorporated 
into  proline  as  an  indication  of  the  coupling  of  the  HMP  pathway  to 
proline-PC  cycling.   Tritium  transfer  from  glucose  to  proline  requires 
NADP+,  PC  and  the  enzymes,  hexokinase,  glucose-6-phosphate  dehydrogenase 
and  PC  reductase.   The  cycling  of  PC  produced  from  added  proline  by  mito- 
chondria or  isolated  hepatocytes  can  be  assessed  by  quantitating  the  amount 
of  glucose-derived  tritium  incorporated  into  proline.   With  this  method 
we  have  directly  measured  the  coupling  of  HMP  activity  to  proline  cycling. 

Because  PC  reductase  is  a  critical  participant  in  the  postulated 
proline-PC  cycle,  we  characterized  the  enzyme  from  a  variety  of  tissue 
and  cellular  sources.   We  were  especially  interested  in  the  preferential 
utilization  of  pyridine  nucleotides  (NADPH  vs.  NADH)  and  in  the  regulation 
of  enzyme  activity.   Distinct  patterns  emerged  from  these  studies.   The 
erythrocyte  enzyme  has  an  affinity  for  NADPH  which  is  an  order  of  magnitude 
greater  than  that  for  NADH  and  the  affinity  for  PC  is  greater  with  NADPH 
than  with  NADH.   This  is  in  contrast  with  the  enzyme  from  cultured  human 
fibroblasts  which  shows  no  preference  for  oxidizing  NADPH.   Furthermore, 
proline  is  a  potent  regulator  of  the  fibroblast  enzyme  but  has  no  effect 
on  the  erythrocyte  enzyme.   Instead,  erythrocyte  enzyme  is  regulated  by 
NADP+  which  in  turn  has  no  effect  on  the  fibroblast  enzyme.   The  different 
characteristics  of  PC  reductase  in  erythrocytes  and  fibroblasts  are  a 
useful  pardigm  which  has  been  useful  in  studies  of  PC  reductase  in  cultured 
lymphocytes,  cartilage,  bone  and  osteochondrosarcoma. 

Proline  is  an  anaplerotic  source  for  both  the  urea  and  TCA  cycles 
in  that  it  Is  a  source  of   ornithine  and  alpha-ketoglutarate.   Using  LLC 
cells,  a  cultured  cell  line  derived  from  rabbit  kidney  with  the  full 
complement  of  proline  metabolic  enzymes,  we  characterized  the  formation 
of  ornithine  from  proline  as  related  to  redox  perturbations.   Using 
radiolabeled  proline,  we  found  that  radiolabeled  ornithine  can  be 
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recovered  only  when  cells  are  treated  with  rotenone,  an  inhibitor  of 
NADH  oxidase.   Thus,  proline  is  converted  to  ornithine  through  PC  only 
when  mitochondria  are  highly  reduced.   Under  rotenized  conditions,  proline 
is  also  a  potent  stimulator  of  glucose  metabolism  through  the  HMP  pathway 
in  LLC  cells.   However,  when  glucose  is  present,  ornithine  formation 
from  proline  is  abolished.  We  think  that  PC  produced  from  proline  is 
recycled  preferentially  back  to  proline  in  order  to  generate  the  oxidizing 
potential  to  metabolize  glucose.   In  the  absence  of  this  metabolic  require- 
ment, proline  carbons  traversing  through  PC  is  routed  into  ornithine. 

Since  ornithine  is  a  source  of  PC  and  proline,  the  supply  of  ornithine, 
especially  in  peripheral  tissues  which  lack  arginase,  may  be  important 
for  growth  or  wound  healing.   Our  studies  show  that  red  cell  arginase 
may  play  a  role  in  supplying  ornithine.   The  metabolic  and  physiologic 
role  of  red  cell  arginase  has  not  been  emphasized  because  of  the  high  Km 
(10-20  mM)  found  for  the  purified  enzyme.   We  showed  that  intact  human 
erythrocytes  produce  ornithine  from  arginine  and  release  it  into  the 
medium.   Surprisingly,  the  apparent  Km  of  this  process  in  intact  cells 
is  0.16  mM  which  approximates  the  level  of  arginine  found  in  plasma.   In 
addition,  co-incubations  of  erythrocytes  with  fetal  rat  calvaria  show 
that  the  ornithine  produced  by  red  cells  is  a  source  of  proline  and  hydroxy- 
proline  in  calvarial  proteins.   Although  red  cell  arginase  probably  does 
not  contribute  significantly  to  total  urea  production,  its   function  in 
supplying  ornithine  to  peripheral  tissues  may  be  physiologically  important 
in  special  situations  e.g.  wound-healing  and  cell  proliferation. 

Porphyrin  Metabolism 

Studies  of  normal  factors  regulating  porphyrin  biosynthesis  and  the 
disorders  of  biosynthetic  pathway  In  patients  with  acute  intermittant 
porphyria  and  in  animals  with  tumors  were  continued.   The  compound 
4,  6-dioxophetonoic  acid  (succinylacetone),  an  inhibitor  of   6-aminolevulinic 
acid  dehydrase,  has  been  studied  further  for  its  effects  in  heme  biosynthesis 
and  as  an  inhibitor  of  tumor  cell  growth  in  vitro  and  in  vivo.   By  means 
of  sodium  borohydride  reduction  of  the  enzyme  substrte  (using  labeled  6  - 
aminolevulinic  acid)  complex  In  the  presence  and  absence  of  succinylacetone, 
It  has  been  shown  that  the  inhibitor  reacts  with  the  enzyme  at  the  site 
where  one  of  the  two  molecules  of  substrate  forms  a  Schiff  base  with  the 
enzyme.   The  enzyme  has  been  partially  purified  from  rat  liver  and  shown 
to  have  a  MW  of  about  240,000.   The  kinetics  of  the  reaction  between 
enzyme  and  inhibitor  have  been  studied  in  both  crude  and  purified 
preparations.   It  has  been  shown  that  with  this  irreversible  inhibitor  which 
reacts  at  the  catalytic  site,  it  is  possible  to  "titrate"  the  number  of 
active  sites  per  gram  of  liver  and  also  to  calculate  the  turnover  number 
of  the  enzyme  from  the  measured  values  of  active  site  concentration  and  V 
max.   By  use  of  the  inhibitor,  therefore,  these  parameters  can  be  determined 
in  homogenates ,  without  the  requirement  for  use  of  the  pure  enzyme . 
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The  compound  produces  a  great  increase  in  the  urinary  excretion  of 
<5  -aminolevulinic  acid  when  administered  to  rats.   Since  inhibition  of 
6  -aminolevulinic  acid  dehydrase  and  increased  urinary  excretion  of 
<$  -aminolevelinic  acid  are  the  major  chemical  abnormalities  produced  by 
lead,  succinylacetone  provides  a  means  of  studying  how  much  of  the 
pathophysiology  of  lead  intoxication  results  from  its  effects  on  s -amino- 
levulinic acid  dehydrase.   These  studies,  primarily  relating  to  effects 
in  the  nervous  system,  are  being  pursued  in  the  Neurological  Institute. 

Succinylacetone  inhibits  the  growth  of  all  three  tumor  cell  lines 
thus  far  studies  in  culture.   These  are  Walker  256  cells,  L1210  cells  and 
murine  erythroleukemia  cells  (MEL,  Friend  cells).   Since  serum  contains 
small  amounts  of  heme  and  is  used  in  the  medium  for  most  cell  cultures,  an 
attempt  was  made  to  grow  all  three  cell  lines  in  a  completely  defined 
medium,  which  would  prevent  uptake  of  heme  in  cells  whose  heme  synthesis 
was  inhibited.   Only  MEL  cells  could  be  grown  in  defined  medium  and 
succinylacetone  caused  a  profound  decrease  of  cellular  heme  content, 
protein  synthesis  and  growth  in  these  cells.   Hematin,  when  added  to  the 
medium  in  low  concentrations,  caused  an  increase  of  cellular  heme  content 
and  a  reversal  of  the  inhibition  of  protein  synthesis  and  growth.   In  contrast 
to  MEL  cells,  L1210  and  Walker  256  cells,  when  grown  in  medium  containing 
serum  and  succinylacetone,  did  not  experience  a  decrease  of  cellular  heme 
concentration.   Nevertheless,  growth  of  these  cells  was  inhibited  by 
succinylacetone,  although  at  somewhat  higher  concentrations  than  were 
required  for  Inhibition  of  growth  of  MEL  cells.   This  suggests  two  separate 
mechanisms  by  which  succinylacetone  inhibits  tumor  cell  growth. 

Succinylacetone,  when  administered  by  intraperitoneal  osmotic  minipump 
for  7  days,  caused  a  pronounced  prolongation  of  the  survival  time  of  rats 
bearing  the  ascites  form  of  the  Walker  256  tumor.   "Cure  rates"  (survival 
of  30-60  days  compared  to  untreated  survival  of  7-9  days)  ranged  from  15- 
30%.   Combination  of  a  compound  (allylisopropylacetamlde)  known  to  augment 
heme  turnover,  with  succinylacetone,  prolonged  survival  somewhat  more 
that  succinylacetone  alone  and  increased  the  "cure  rate"  to  36%.   The 
antitumor  effect  of  succinylacetone  alone,  or  in  combination  with 
allyisopropylacetaraide,  was  inferior  to  that  of  cyclophosphamide. 
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Studies  were  directed  toward  determining  the  steps  involved  in  the  differen- 
tiation of  B  cells   into  immunoglobulin  synthesizing  and  secreting  plasma  cells. 
Special  emphasis  was  laid  on  developing  new  techniques  to  study  the  role  of 
helper  T  cells,  macrophages,  and  suppressor  cells  in  these  immune  regulatory 
processes  and  to  define  defects  in  these  immunoregulatory  cell  interactions  in 
patients  with  immune  dysfunctions.   Recombinant  DNA  technology  has  been  applied 
to  study  the  arrangement  and  rearrangement  of  immunoglobulin  genes  in  lympho- 
cytic leukemias  and  in  lymphocyte  cell  lines.   Leukemias  of  both  suppressor  and 
helper  T  cells  have  been  identified.   Excessive  numbers  of  suppressor  T  cells 
have  been  demonstrated  in  association  with  agammaglobulinemia,  selective  IgA  def:. 
ceincy,  suppressor  leukemias,  infectious  mononucelosis,  and  post  transplantation 
immunodeficiency  state.   In  studies  of  leukemias  and  cell  lines,  it  was  shown  th^t 
human  B-cells  rearrange  their  expressed  allele  and  may  retain,  rearrange,  or  del 
the  non-expressed  allele.   Unexpectedly  the  kappa  gene  was  deleted  in  lamda 
expressing  B  cells. 
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Project  Description: 

Objectives:   The  objectives  of  the  study  were:   to  determine 
the  sequential  steps  involved  in  the  differentiation  of  stem  cells  into 
B  cells  and  then  into  immunoglobulin  synthesizing  and  secreting  cells. 
Major  efforts  were  directed  toward  defining  the  immunoglobulin  gene 
rearrangements  and  deletions  and  the  role  of  the  regulatory  network  of 
suppressor  T  lymphocytes,  helper  T  lymphocytes,  and  macrophages  in  the 
control  of  this  maturational  process.   Disorders  of  these  suppressor  and 
helper  interactions  have  been  defined  in  the  primary  immunodeficiency, 
allergic,  autoimmune  and  malignant  diseases  of  man.   Overall  the  studies 
are  directed  at  defining  disorders  of  host  immunoregulation  that  lead  to 
immunodeficiency  states  that  have  a  high  incidence  of  malignancy  or  that 
led  to  immunodeficiency  and  a  high  incidence  of  infection  in  patients 
who  have  malignancies  of  the  T  and  B  cell  system.   Finally  studies  were 
directed  toward  developing  new  techniques  for  the  detection  of  circulating 
tumor-related  antigens  that  could  be  used  in  cancer  diagnosis  or  in 
monitoring  the  effectiveness  of  therapy. 

Methods  Employed:   In  vitro  culture  techniques  of  mitogen  stimulated 
peripheral  blood  lymphocytes  have  been  developed  for  the  study  of  the 
terminal  differentiation  of  B  lymphocytes  into  immunoglobulin  secreting 
cells.   New  techniques  with  B  cells  purified  by  immunoabsorbent  columns 
and  followed  by  removal  of  contaminating  T  cells  by  rosetting  techniques 
have  been  used  in  co-culture  studies  to  detect  helper  T  cells  in  man. 
Co-culture  studies  have  also  been  utilized  for  the  detection  of  excessive 
numbers  or  reduced  numbers  of  suppressor  T  lymphocytes.   Lymphocytes 
depleted  of  adherent  cells  by  a  variety  of  techniques  as  well  as  new 
monocyte  purification  procedures  have  been  used  to  assess  monocyte 
helper  and  suppressor  functions.   Hybridoma  procedures  have  been  used  to 
produce  monoclonal  antibodies  to  maturation  antigens  of  T  cells. 
Recombinant  DNA  technology  with  3^p  labeled  C  DNA  probes  to  the  human 
constant  kappa,  lambda  light  chain  and  the  heavy  chain  genes  were  used 
to  study  the  gene  rearrangements  in  B  cell  maturation  and  to  analyze 
disorders  in  lymphocytic  leukemias  and  immunoglobulin  deficiency  states. 

Major  Findings:   A  major  effort  of  the  Metabolism  Branch  over  the 
past  few  years  has  been  directed  toward  defining  the  major  events  of 
cellular  differentiation,  cellular  interaction  and  cellular  biosynthesis 
involved  in  the  specific  circulating  immune  response.   These  studies  have 
placed  special  emphasis  on  defining  the  defects  of  B  cell  maturation  and 
of  regulatory  T  cell  and  macrophage  interaction  with  B  lymphocytes  and 
plasma  cells  that  occur  in  patients  with  primary  immunodeficiency  diseases 
associated  with  a  high  incidence  of  malignancy,  in  patients  with  autoimmune 
disorders  as  well  as  in  patients  with  malignancies  of  the  T  or  B  lymphocyte 
systems.   Overall  these  studies  were  directed  at  defining  the  factors  in 
normal  and  abnormal  states  controlling  the  production  of  antibodies  and 
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the  synthesis  of  the  immunoglobulin  molecules.   Cells  that  ultimately 
produce  antibodies  undergo  sequential  maturation  from  stem  cells  in  the 
marrow  to  B  lymphocytes  and  then  from  B  lymphocytes  into  immunoglobulin 
synthesizing  plasma  cells. 

The  earliest  events  of  maturation  of  stem  cells  into  B  cells  involve 
rearrangements  of  the  genes  coding  for  the  appropriate  light  and  heavy 
immunoglobulin  chains.   These  events  have  been  examined  for  human  cells 
in  collaboration  with  Dr.  Philip  Leder  and  Dr.  Phillip  Hieter.   Human 
light  chain  genes  exist  as  discontinuous  gene  segments  of  V  (variable), 
J  (joining)  and  C  (constant)  regions  in  germline  state.   During  maturation 
of  stem  cells  into  B-cells  a  rearrangement  occurs  in  the  expressed  gene 
bringing  a  single  V  region  in  contiguity  with  a  specific  J  region.   32p 
labeled  clones  of  human  kappa  (C^)  and  lambda  (C^)  constant  region  genes 
were  used  as  probes  to  study  gene  rearrangements  in  lymphocytes  from  9 
chronic  lymphocytic  leukemia  patients,  7  Epstein-Barr  virus  transformed 
and  3  spontaneous  B-cell  lines.   Genomic  DNA  was  extracted  from  these 
cells  digested  with  the  restriction  endonucleases  known  to  demonstrate 
both  rearranged  and  germline  alleles,  and  hybridized  with  the  probes.   C^ 
exists  as  a  single  gene  in  man.   The  BamHI  digests  of  all  8  kappa  expressing 
B-cells  demonstrated  at  least  one  rearranged  kappa  allele.   Four  displayed 
a  remaining  germline  allele,  while  2  had  double  rearrangements  and  2  had 
deleted  the  other  allele.   Four  CX  genes  were  shown  to  exist  in  each 
individual  in  at  least  2  germline  patterns  due  to  polymorphism.   EcoRl 
digests  of  all  11  lambda  expressing  B-cells  showed  a  rearranged  allele  (3 
displayed  double  rearrangements)  not  seen  in  fibroblasts  or  T-cells  from 
the  same  individual.   Nine  lambda  expressing  B-cells  had  deleted  their  CK  gene 
which  was  present  in  germline  cells  from  these  individuals.   Thus,  human 
B-cells  rearrange  their  expressed  allele  and  may  retain,  rearrange,  or 
delete  the  nonexpressed  allele.   Unexpectedly,  C^  was  deleted  in  lambda 
expressing  B-cells. 

The  maturation  of  further  B  cells  into  antibody  producing  plasma  cells 
is  carefully  regulated  both  positively  and  negatively  by  distinct  subpopu- 
lations  of  lymphoid  cells.   Specifically  many  antigens  and  mitogens 
require  the  presence  of  both  helper  lymnphocytes  of  thymic  origin  (helper 
T  cells)  and  macrophages  as  well  as  the  B  cells  to  induce  a  full  antibody 
response.   More  recently  it  has  been  recognized  that  a  separate  class  of 
thymic  derived  cells,  suppressor  T  cells,  may  act  as  negative  regulator 
of  B  cell  maturation  inhibiting  this  process.   We  and  others  have  shown 
that  suppressor  T  cells  emerge  from  the  thumus  as  inactive  prosuppressor 
cells  that  require  an  interaction  with  another  T  cell  (termed  a  suppressor 
inducer  or  activator)  in  order  to  become  a  final  effector  of  suppression. 
To  study  these  events  we  have  developed  a  series  of  techniques  including 
techniques  to  study  the  terminal  differentiation  of  B  cells  into  immuno- 
globulin synthesizing  and  secreting  cells,  techniques  to  assess  helper  T 
cell  function,  and  to  detect  both  increased  and  decreased  functional 
activities  of  suppressor  effector  T  cells  and  their  precursors  and  activators. 
Previously  we  used  a  single  basic  procedure  for  these  determinations  in 
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which  peripheral  blood  lymphocytes  were  cultured  in_  vitro  with  pokeweed 
mitogen,  a  polyclonal  activator,  and  the  IgG,  IgA,  and  IgM  synthesized 
and  secreted  by  these  cells  was  quantitated  using  radioimmunoassay  procedures. 
Pokeweed  mitogen  is  a  prototype  of  a  thymic  and  macrophage  dependent 
activator  of  B  cells  that  also  has  the  capacity  to  activate  some  prosuppressor 
cells  to  effectors  of  suppression. 

In  the  past  year  we  have  developed  additional  approaches  to  assess  in_  vitro 
immunoglobulin  and  specifically  antibody  synthesis  that  involve  new  ways 
of  assessing  immunoglobulin  production  and  new  polyclonal  activator 
agents  to  stimulate  the  B  cells.   A  radioimmunoassay  for  IgE  of  extreme 
sensitivity  (sensitive  to  20  picograms  of  IgE)  has  both  developed  and 
is  being  used  to  define  the  pathogenesis  of  disordered  IgE  regulation 
in  patients  with  allergy,  the  hyper  IgE  syndrome  and  the  Wiskott-Aldrich 
syndrome.   Over  the  past  year,  a  technique  has  been  perfected  to  study 
specific  antibody  production  in  vitro  by  human  peripheral  blood  cells 
that  have  not  been  exposed  to  polyclonal  activators  but  to  the  antigen 
alone.   This  system  shows  antigen  specificity  (e.g.  sheep  red  cells,  TNP 
modified  cells)  and  T  cell  dependence.   In  addition,  a  direct  plaque  forming 
system  that  measures  pokeweed  mitogen  stimulated  cells  producing  antibodies 
to  sheep  red  blood  cells  has  been  used  in  conjunction  with  cells  pulsed 
with  Concanavalin  A  (a  lectin  that  activate  suppressor  cells)  to  detect 
deficiencies  of  the  suppressor  cell  system  in  patients  with  certain 
forms  of  autoimmunity  or  allergy.   A  second  modification  of  the  immunoglobulin 
biosynthesis  system  that  has  facilitated  the  detection  of  helper  T  cell 
defects  and  has  permitted  the  differentiation  of  prosuppressor  and  suppressor 
effector  activity  has  been  the  definition  of  new  polyclonal  activators 
of  B  cells.   These  activators  differ  from  pokeweed  mitogen  in  terms  of 
their  requirement  for  helper  cells  and  in  terms  of  their  ability  to 
activate  suppressor  T  cells.   Streptolysin  0  and  staphyloccal  phage 
lysate  and  wheat  germ  agglutinin  are  thymic  dependent  B  cell  activators. 
In  contrast,  B  cells  that  have  been  rigorously  depleted  of  T  cells  are 
activated  to  produce  immunoglobulin  molecles  by  Nocardia  water  soluble 
mitogen  and  by  a  helper  factor  secreted  by  T  cells  on  pokeweed  mitogen 
stimulation.   We  have  also  utilized  the  Epstein-Barr  virus  as  a  B  cell 
stimulatory  agent.   The  Epstein-Barr  virus  (EBV)  is  the  etiologic  agent 
of  acute  infectious  mononucleosis  (IM)  in  man  and  has  been  closely  asso- 
ciated with  African  Burkitts  lymphoma,  nasopharyngeal  carcinoma  and  rare 
cases  of  agammaglobulinemia.   The  virus  is  unique  among  pathogens  in 
that  it  specificially  infects  cells  of  the  immune  system,  the  B  lympho- 
cytes, and  transforms  these  B  cells  into  permanently  growing  cell 
lines  in  culture.   EBV  added  to  normal  lymphocytes  placed  into  culture 
induce  the  B  cells  to  differentiate  into  cells  actively  secreting 
each  class  of  immunoglobulin.   Cell  separation  experiments  demonstrated 
that  EBV  induced  activation  of  B  cells  was  totally  independent  of  T 
helper  lymphocytes  in  contrast  to  pokeweed  mitogen  which  is  dependent 
on  T  cells  for  its  activation  of  B  cells. 
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Using  these  assay  procedures  we  have  identified  patients  with  disordered 
immunoglobulin  synthesis  due  to  a  variety  of  mechanisms  including  disorders 
of  intrinsic  B  cell  activity,  disorders  of  helper  T  cell  function,  disorders 
of  the  network  of  interacting  T  cells  involved  in  immune  suppression  as 
well  as  disorders  of  monocyte  function.   Patients  with  hypogammaglobulin- 
emia with  primary  B  cell  defects  that  we  have  defined  include  patients 
with  x-linked  agammaglobulinemia,  patients  with  certain  types  of  common 
variable  immunodeficiency,  with  selective  IgA  deficiency  or  with  the 
immunodeficiency  characterized  by  elevated  IgM  levels  and  reduced  IgG  and 
IgA  levels.   Over  the  past  year  we  have  discovered  a  new  x-linked  disorder 
characterized  by  hypogammaglobulinemia  due  to  an  intrinsic  B  cell  defect 
associated  with  isolated  growth  hormone  deficiency.   In  contrast  to 
patients  with  Bruton' s  type  x-linked  agammaglobulinemia  these  patients 
have  tonsils,  have  B  cells  in  some  cases  and  in  all  cases  have  the  isolated 
growth  hormone  deficiency. 

A  second  area  of  interest  has  been  in  helper  T  cell  activity  in  animal 
models  and  in  patients  with  disorders  of  immunity.   In  clinical  studies 
deficiency  of  helper  T  cells  was  observed  in  patients  with  severe  combined 
immunodeficiency  disease  with  B  cells  and  a  patient  with  common  variable 
hypogammaglobulinemia  and  in  some  patients  with  ataxia  telangiectasia. 
An  extreme  defect  in  helper  T  cells  was  shown  to  be  the  cause  of  the 
hypogammaglobulinemia  in  the  form  of  severe  combined  immunodeficiency 
characterized  by  an  absence  of  circulating  T  cells  but  normal  numbers  of 
B  cells.   The  B  cells  of  these  patients  could  not  synthesize  immunoglobulin 
molecules  when  cultured  with  pokeweed  mitogen  in  vitro  but  synthesized 
immunoglobulin  normally  when  normal  T  cells  were  added  to  the  culture 
system.   Tne  primary  defect  in  such  patients  might  be  a  defect  of  T  stem 
cells  or  to  a  failure  of  thymus  function  leading  to  a  failure  in  the 
maturation  of  such  stem  cells  into  functional  T  cells.   A  similar  pattern 
of  hypogammaglobulinemia  with  normal  B  cell  function  has  been  identified 
in  a  patient  with  common  variable  hypogammaglobulinemia  who  has  a  T  cell 
defect  limited  to  the  helper  T  cell  series.   Defects  of  helper  T  cell 
activity  were  also  present  in  most  patients  with  ataxia-telangiectasia. 
Patients  with  ataxia-telangiectasia  manifest  cerebellar  ataxia,  occulocutaneous 
telangiectasia,  elevated  alpha-fetoprotein  levels,  a  defect  of  DNA  repair 
following  Irradiation,  a  high  incidence  of  neoplastic  disease  and  a 
variable  immunodeficiency  state.   The  majority  of  patients  have  a  small 
embryonic  appearing  thymus,  have  defects  in  cell-mediated  Immunity  and 
markedly  diminished  levels  of  IgA  and  IgE.   Two  factors  were  shown  to 
contribute  to  the  low  rates  of  IgA  synthesis  in  vivo  and  Jji  vitro  in  these 
patients.   The  patients  had  an  intrinsic  defect  of  their  IgA  producing  B 
cells  and  had  a  reduction  of  helper  T  cell  activity.   The  patients' 
helper  T  cells  did  not  cooperate  normally  with  normal  B  cells  for  immuno- 
globulin synthesis  in  the  pokeweed  mitogen  stimulated  immunoglobulin 
system. 
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The  technique  for  assessing  helper  T  cell  activity  were  applied  to  homogenous 
populations  of  T  cells  from  patients  with  T  cell  leukemias.   One  of  20 
acute  T  cell  leukemias  and  seven  of  12  patients  with  Sezary  T  cell  leukemias 
retained  the  capacity  to  help  normal  B  cells  in  pokeweed  mitogen  stimulated 
cultures.   It  is  of  interest  that  these  patients  had  high  IgA  and  IgE 
levels  and  in  seven  cases  the  Sezary  cell  leukemia  has  been  associated 
with  a  circulating  monoclonal  immunoglobulin. 

We  are  preparing  an  antisera  to  the  idiotype  of  the  heavy  chains  of  these 
monoclonal  immunoglobulins  to  determine  if  they  react  with  the  putative  T 
cell  receptors  since  it  has  been  suggested  that  helper  T  cells  for  specific 
B  cell  clones  share  immunological  determinants  with  the  hypervariable 
region  of  the  heavy  chain  of  the  specific  antibody  whose  production  is 
stimulated  by  the  T  cells. 

Over  the  past  year  we  have  analyzed  leukemic  T  cells  with  retained 
functions  with  monoclonal  hybridoma  antisera  that  define  T  cell  subsets. 
Some  of  these  antisera  obtained  commercially  define  T  cell  subsets  with 
different  functions  (e.g.  OKT  4,  helper  T  cells,  OKT  5,  8  suppressor 
cytotoxic  T  cells)  whereas  others  define  the  state  of  T  cell  maturation 
(e.g.  OKT  10  immature  thymocytes,  OKT  3  mature  T  cell,  la  antigens  on 
T  cells)  .  We  have  also  used  monoclonal  hybridoma  anti- 

T  cell  antiserum  we  have  prepared  ourselves  that  defines  an  antigen  termed 
Tac  on  the  surface  of  activated  T  cells.   Normal  thymocytes  and  circulating 
T  cells  do  not  bear  this  antigen  whereas  T  cells  activated  with  mitogen, 
the  mixed  leukocyte  reaction,  or  T  cell  growth  factor  do.   All  acute  T 
cell  leukemias  bear  the  OKT  10  antigen  but  rarely  bear  the  OKT  4  or  5 
antigen,  but  in  only  5%  of  cases  the  OK  3  maturation  antigen.   The  seven 
Sezary  leukemia  cells  studied  in  contrast  do  not  bear  OKT  10  but  are  all 
OK  3  and  OKT  4  (e.g.  mature  helper  phenotype)  positive  and  are  OK  5,  8 
(e.g.  suppressor  phenotype)  negative.   They  are  also  negative  for 
la  and  Tac  antigens.   Thus  the  studies  with  monoclonal  antibodies  is  in 
accord  with  our  previous  conclusions  that  Sezary  cells  are  relatively 
mature  T  cells  that  are  dedicated  to  helper  interactions  with  B  cells. 

We  have  demonstrated  excessive  suppressor  T  cell  activity  in  the  neonate 
and  in  association  with  a  variety  of  immunodeficiency  states  including 
infectious  mononucleosis,  one  form  of  T  cell  leukemia,  a  subset  of 
patients  with  common  variable  hypogammaglobulinemia,  thymoma  and 
hypogammaglobulinemia  and  some  patients  with  selective  IgA  deficiency. 

Studies  on  three  patients  with  T  cell  leukemias  with  retained  suppressor 
activity  have  been  continued  in  order  to  address  one  of  the  most  critical 
issues  concerning  the  capacity  of  T  cells  to  regulate  human  immunoglobulin 
synthesis, that  is  whether  suppressor  cell  activity  is  generated  by  a 
single  population  of  T  cells  acting  alone  of  whether  suppressor  cell 
generation  requires  interaction  between  different  populations  of  T  cells 
neither  of  which  has  the  capacity  to  affect  suppression  alone.   The 
proof  of  such  T-T  interaction  requires  clear  identification  and  separation 
of  the  two  classes  of  cells  involved.   In  human  systems,  this  has  been 
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exceedingly  difficult  until  now.  We  have  taken  advantage  of  an  unusual 
patient  with  acute  lymphoblastic  leukemia  and  hypogammaglobulinemia 
prior  to  therapy  to  address  this  issue.   In  our  studies  we  learned  that 
the  neoplastic  T  cells  from  this  patient  functioned  as  pro-suppressor 
cells.   These  cells  were  OKT  10  +  but  negative  for  the  other  antigens 
discussed  above.   We  observed  that  the  patient's  leukemic  T-cells  produced 
no  detectable  immunoglobulin  and  depressed  the  immunoglobulin  production 
of  co-cultured  normal  unseparated  lymphocytes  by  85-100%  in  the  presence  of 
pokeweed  mitogen.   However,  suppression  was  observed  only  when  cooperating 
normal  T  cells  and  pokeweed  mitogen  were  present.   Prior  irradiation  of 
either  the  leukemic  cells  or  the  cooperating  normal  cells  nulified  the 
suppressor  effect.   We,  thus,  were  able  to  conclude  that  an  interaction 
between  at  least  two  different  T  cell  subsets  is  required  for  the  generation 
of  so-called  suppressor-effector  T  cells  in  man.   We  extended  these  studies 
by  analyzing  whether  normal  T  cells  could  secrete  a  soluble  factor  which 
could  activate  the  leukemic  cells  under  discussion  to  become  suppressor 
effector  cells.  We  learned  that  normal  T  cells  when  stimulated  with 
pokeweed  mitogen  secrete  a  factor  (or  a  series  of  factors)  which  may 
activate  the  leukemic  cells  to  become  direct  suppressors  without  the  further 
need  of  cooperating  T  cells  in  a  pokeweed  mitogen  driven  system  of 
immunoglobulin  production.   In  a  Nocardia  water-soluble  mitogen-driven 
system  of  immunoglobulin  production  (known  to  be  relatively  T-independent) , 
it  was  learned  that  both  pokeweed  mitogen  and  these  leukemic  cells  were 
required  for  suppressor  effects.   These  studies  enabled  us  to  construct  a 
model  for  the  induction  of  human  suppressor  effector  cells.   In  this 
model,  pro-suppressor  T  cells  must  interact  with  a  different  activating 
set  of  T  cells  before  becoming  fully  functional  suppressor  T  cells.   To 
our  knowledge,  these  studies  represent  the  first  proof  of  cooperative 
interaction  between  neoplastic  and  normal  T  cells  in  the  generation  of 
Immunoregulatory  effector  T  cells. 

Two  additional  T  cell  leukemias  have  been  studied  over  the  past  year.   In 
one  case  the  cells  suppress  T  cell  proliferation  responses  but  did  not 
suppress  the  maturation  of  B  cells  into  plasma  cells.   These  leukemic 
cells  were  OKT  3,  5,  8,  la  positive  and  OKT  10,  4,  Tac  negative.   That 
is,  they  showed  the  mature  suppressor  phenotype.  An  additional  patient 
from  the  southern  part  of  Japan  had  the  subacute  T  cell  leukemia  that  has 
been  recently  described  in  this  area.   This  leukemia  suppressed  the 
maturation  of  B  cells  into  plasma  cells.   In  contrast  to  the  patient 
discussed  above  these  leukemic  cells  were  activated  cells  that  did  not 
require  the  presence  of  an  unirradiated  T  cell  for  their  effect.   Indeed, 
they  suppressed  immunoglobulin  synthesis  by  B  and  irradiated  T  helper 
cells  better  than  that  by  B  cells  and  unirradiated  T  cells.   This 
observation  provides  further  evidence  for  the  existence  of  a  radiosensitive 
contra-suppressor  in  human  T  cell  populations.   The  leukemic  cells  of 
this  patient  are  OKT  3,  la  and  Tac  antigen  positive  confirming  their 
status  as  an  activated  relatively  mature  T  cell. 
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Patients  with  common  variable  hypogammaglobulinemia  represent  a  complex 
group  of  disorders  with  different  fundamental  defects.   Many  have 
intrinsic  B  cell  defects,  a  few  have  a  deficiency  of  helper  T  cells 
and  a  few  have  a  circulating  factor  that  inhibits  B  cell  function. 
A  subgroup  of  patients  have  excessive  suppressor  cell  activity. 
Synthesis  of  immunoglobulins  by  normal  cells  was  suppressed  by  over 
50%  when  cocultured  with  equal  numbers  of  peripheral  blood  lymphocytes 
from  44%  of  patients  with  common  variable  immunodeficiency  and  by  over 
80%  when  incubated  with  the  lymphocytes  of  18%  of  the  patients.   The 
T  cells  from  the  patients  with  suppressor  cells  were  shown  to  function 
as  suppressors.   In  some  cases  suppressor  monocytes  were  also  present. 
In  some  cases  suppression  was  only  observed  when  pokeweed  mitogen  was 
used  as  the  polyclonal  activator,  whereas  in  other  other  cases,  the  cells 
of  the  patient  suppressed  when  any  polyclonal  activator  was  utilized. 
The  suppressors  cells  in  the  former  case  were  steroid  and  irradiation 
sensitive  and  appear  to  be  prosuppressors  that  require  pokeweed  mitogen 
for  their  activation.   The  suppressor  cells  that  suppress  in  non-pokeweed 
mitogen  stimulated  cultures  and  that  are  corticosteroid  resistant  appear 
to  be  in  vivo  activated  suppressor  effector  cells.   In  the  one  patient 
studied  extensively  the  target  of  the  suppressor  cell  was  shown  to  be 
the  B  cell  rather  than  the  helper  T  cell  which  is  the  target  of  most  antigen 
specific  suppressor  systems.   The  most  critical  question  concerning  the  role 
of  the  suppressor  T  cells  in  the  pathogenesis  of  the  hypogammaglobulinemia 
has  been  addressed  by  isolating  the  patients'  B  cells  free  of  the  patients 
T  cells  and  determining  their  capacity  to  synthesize  immunoglobulin  molecules 
in  vitro.   In  some  but  not  all  cases  we  demonstrated  that  patient  B  cells 
freed  of  suppressor  T  cells  could  synthesize  immunoglobulin  molecules 
supporting  the  view  that  the  suppressor  T  cells  played  a  pathogenic  role 
in  the  hypogammaglobulinemia. 

The  pathogenesis  of  the  hypogammaglobulinemia  in  8  patients  between  2  and 
14  months  after  transplantation  of  matched  allogeneic  or  autologous  marrow 
was  studied  using  the  in  vitro  immunoglobulin  (Ig)  biosynthesis  system. 
Six  of  8  patients  produced  no  IgG,  IgA,  or  IgM,  one  responded  poorly  (3- 
13%  of  normal  mean  synthesis)  and  one  moderately  (3-41%  of  normal).   Five 
of  8  also  had  a  poor  response  to  the  T-cell  independent  activator  Epstein- 
Barr  virus  (EBV) .  When  studied  in  co-culture  with  normal  allogeneic  or 
donor  lymphocytes,  3  of  8  patients  demonstrated  profound  (>80%)  and  1 
moderate  (>50%)  suppression.   Five  of  the  patients  (including  the  4  with 
suppressor  abnormalities)  did  not  have  helper  activity  (<1%  normal),  one 
had  profoundly  decreased  activity  (<20%),  while  2  had  significant  helper 
activity  for  normal  B-cells  in  co-culture.   The  lymphocytes  of  2  patients 
with  helper  defects  produced  Ig  when  co-cultured  with  normal  T-cells  or 
with  EBV.   Thus,  defects  in  all  lymphocytic  elements  involved  in  the 
regulation  of  Ig  synthesis  contributed  to  the  hypogammaglobulinemia. 
Overall,  four  patients  had  moderate  to  profound  suppressor  cell  abnormalities 
with  variable  accompanying  helper  and  B-cell  defects;  two  had  helper 
defects  with  partially  responsive  B-cells  but  no  suppression;  whereas  two 
had  pure  B-cell  defects  with  adequate  helper  activity  and  no  suppression. 
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Twenty  continuous  cultures  of  human  T  cells  (CTC)  (15  from  normal  Individuals 
and  5  from  patients  with  T  cell  malignancy)  growing  in  the  presence  of 
PHA-sitmulated  lymphocyte  conditioned  medium  were  studied  for  their 
ability  to  regulate  pokeweed  mitogen  induced  Ig  production  in  vitro.   The 
CTC  did  not  produce  Ig  in  the  presence  of  PWM.   One  of  15  CTC  examined 
moderate  and  two  minimal  helper  activity  when  co-cultured  with  B  cells 
rigorously  depleted  of  T  cells  in  PWM-driven  Ig  biosynthesis.   Nine  of  20 
CTC  examined  had  marked  suppressor  cell  activity  when  co-cultured  with 
normal  lymphocytes  in  the  PWM-induced  Ig  production  system  and  4  had  a 
moderate  or  variable  suppressive  effect.   This  suppression  was  apparently 
not  due  to  simple  "overgrowth"  or  non-specific  toxic  effects  of  CTC 
because:   1)  the  CTC  did  not  proliferate  when  cultured  without  conditioned 
medium,  2)  the  CTC  did  not  suppress  Ig  production  when  they  were  added  3 
days  after  the  beginning  of  the  12  day  cultures,  3)  the  CTC  did  not  show 
cytotoxic  activity  against  normal  T  and  B  cells.   Two  of  the  CTC  examined 
were  sensitive  to  irradiation  in  terms  of  their  suppressor  function  in 
PWM-induced  Ig  synthesis  whereas  the  remaining  3  CTC  were  resistant  to 
2000  R  irradiation.   However,  they  were  all  resistant  to  hydrocortisone. 
Four  clones  were  produced  by  a  limiting  dilution  method  from  one  suppressor 
CTC  and  were  tested  for  their  suppressor  activity.   These  cloned  CTC 
suppressed  PWM-driven  Ig  synthesis  as  markedly  as  the  uncloned  suppressor 
CTC.   Such  CTC  may  be  of  considerable  value  in  studies  of  the  mechanism 
involved  in  regulation  of  immunoglobulin  biosynthesis  and  in  the  preparation 
of  antisera  to  T  cell  subsets. 

Purified  human  peripheral  blood  mononuclear  cells  stimulated  with  the 
mitogenic  lectin  concanavalin  A  (Con  A)  as  well  as  the  CTC  lines  discussed 
above,  elaborate  a  variety  of  immunoregulatory  molecules  including 
suppressive  factors.   We  find  evidence  for  at  least  two  different  suppressor 
activities  in  the  supernatants  of  these  cells  one  of  which  negatively 
modulates  in  vitro  immunoblobulin  biosynthesis  while  the  other  inhibits  T 
cell  proliferation.   Immunoglobulin  production  was  studied  using  a  pokeweed 
mitogen  driven  reverse  hemolytic  plaque  assay.   The  humoral  suppressor 
factor  produced  40-80%  inhibition  of  polyclonal  antibody  synthesis.   This 
factor  was:   1)  of  molecular  weight  30-45,000  daltons,  2)  noncytotoxic, 
3)  present  as  early  as  8  hours  after  exposure  to  Con  A,  4)  reversed  by 
the  monosaccharide  L-rhamnose  but  not  by  a  variety  of  other  simple  sugars 
including  alpha-methyl-D-mannoside,  5)  produced  by  macrophage  depleted  T 
cell  populations  but  not  by  B  cells,  6)  found  in  the  supernatants  of  long 
term  human  T  cell  cultures.   The  second  suppressor  factor  produced  40-85% 
inhibition  of  in  vitro  lymphocyte  proliferation  in  response  to  the 
mitogenic  lectins  phytohemagglutinin  and  Con  A  and  the  antigens  streptokinase- 
streptodornase  and  tetanus  toxoid.   This  factor  was  also  of  molecular 
weight  30-45,000  daltons  and  noncytotoxic.   Its  effect  however  is  blocked 
by  N-acetyl-D-glucosamine  but  not  by  L-rhamose.   In  contrast  to  the  humoral 
factor,  the  production  of  this  factor  required  the  presence  of  macrophages. 
We  conclude  that  activated  suppressor  elaborate  different  soluble  factors 
which  independently  modulate  humoral  and  cellular  immune  reactions. 
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A  modification  of  the  immunoglobulin  biosynthesis  procedure  has  been  developed 
to  assess  the  ability  of  macrophages  to  act  as  one  of  the  helper  cells  required 
for  B  cell  maturation  and  to  detect  activation  of  monocytes  into  cells  that 
inhibit  immunoglobulin  synthesis.   Optimal  immunoglobulin  synthesis  induced 
by  pokeweed  mitogen,  staphage  lysate  and  streptolysin  0  were  dependent  on  the 
presence  of  macrophages.   If  excessive  numbers  of  normal  macrophages  (i.e., 
over  50%  of  the  cells  in  the  culture  system)  profound  suppression  was  observed. 
T  cells  were  not  involved  in  this  suppression  as  participants  or  targets. 
The  suppression  does  not  act  via  cytotoxicity.   Thus  it  appears  that  normal 
macrophages  can  be  activated  to  inhibit  B  cell  maturation  and  immunoglobulin 
synthesis.   Patients  with  multiple  myeloma  have  a  disorder  of  the  monocyte 
suppressor  system  with  excessive  numbers  of  activated  suppressor  monocytes 
that  lead  to  the  reduced  polyclonal  immunoglobulin  synthesis  observed  with 
these  patients.   We  have  demonstrated  a  similar  monocyte  suppressor 
disorder  associated  with  a  monocyte,  produced  suppressor  factor  In  mice 
bearing  transplantable  myeloma  tumors. 

Significance  to  Biomedical  Research:   The  development  of  techniques 
for  the  study  of  the  maturation  of  B  cells  on  helper  and  suppressor  T 
cells  and  their  application  to  the  study  of  patients  with  immunoglobulin 
disorders  have  been  of  great  value  in  defining  the  critical  stages  of  B 
cell  maturation  and  of  the  network  of  immunoregulatory  cells  that  control 
this  maturation  process.   A  series  of  new  pathogenic  mechanisms  have  been 
defined  to  explain  the  imraunodefects  in  patients  with  immunodeficiency, 
autoimmunity,  allergy  and  malignancy.   Leukemias  of  immunoregulatory 
cells  have  been  defined  assisting  the  classification  of  leukemias.   In 
general,  these  studies  are  providing  a  scientific  basis  for  developing 
rational  strategies  for  the  therapy  of  immunodeficiency  and  malignant 
diseases. 

Proposed  Course:   Studies  directed  toward  understanding  the  pathways 
and  regulatory  mechanisms  controlling  the  sequential  development  of  stem 
cells  into  B  cells  and  then  into  synthesizing  plasma  cells.   Special 
emphasis  will  also  be  placed  on  the  genes  and  their  rearrangement  that 
control  immunoglobulins  and  into  the  role  played  by  the  network  of  immuno- 
regulatory T  cells  in  controlling  immune  responses. 
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Project  Description: 

Objectives:   To  study  mechanisms  controlling  heme  biosynthesis  and 
biochemical  aspects  of  porphyrin  metabolism  in  experimental  porphyria, 
tumors  and  tumor  bearing  hosts. 

Methods  Employed:   Quantitative  enzyme  determinations,  chemical 
determination  of  porphyrins,  porphyrin  precursors  and  tissue  heme;  use 
of  homogenates,  slices  and  isolated  cells  and  isotope  methods  in  stuyding 
metabolic  pathways;  computer  and  mathematical  analysis  of  certain  mathematical 
models. 

Major  Findings:   The  compound  4,6-dioxoheptonoic  acid  (succinylacetone) , 
an  inhibitor  of  6 -aminolevulinic  acid  dehydrase,  has  been  studied  further  for 
its  effects  on  heme  biosynthesis  and  as  an  inhibitor  of  tumor  cell  growth  in 
vitro  and  in  vivo.   By  means  of  sodium  borohydride  reduction  of  the  enzyme 
substrate  (using  labelled  5-aminolevulinic  acid)  complex  in  the  presence  and 
absence  of  succinylacetone,  it  has  been  shown  that  the  inhibitor  reacts  with 
the  enzyme  at  the  site  where  one  of  the  two  molecules  of  substrate  forms  a 
Schlff  base  with  the  enzyme.   The  enzyme  has  been  partially  purified  from  rat 
liver  and  shown  to  have  a  MW  of  about  240,000.   The  kinetics  of  the  reaction 
between  enzyme  and  inhibitor  have  been  studied  in  both  crude  and  purified 
preparations.   It  has  been  shown  that  this  irreversible  inhibitor  which  reacts 
at  the  catalytic  site,  it  is  possible  to  "titrate"  the  number  of  active  sites 
per  gram  of  liver  and  also  to  calculate  the  turnover  number  of  the  enzyme  from 
the  measured  values  of  active  site  concentration  and  V  max.   By  use  of  the 
inhibitor,  therefore,  these  parameters  can  be  determined  in  homogenates,  with- 
out the  requirement  for  use  of  the  pure  enzyme. 

The  compound  produces  a  great  increace  in  the  urinary  excretion  of  <$- 
aminolevulinic  acid  when  administered  to  rats.   Since  inhibition  of  (5-amino- 
levulinic acid  dehydrase  and  increased  urinary  excretion  of  6 -aminolevulinic 
acid  are  the  major  chemical  abnormalities  produced  by  lead,  succinylacetone 
provides  a  means  of  studying  how  much  of  the  pathophysiology  of  lead  intoxi- 
cation results  from  its  effects  on  6-anlnolevulinic  acid  dehydrase.   These 
studies,  primarily  relating  to  effects  in  the  nervous  system,  are  being  pursued 
in  the  Neurological  Institute. 

Succinylacetone  inhibits  the  growth  of  all  three  tumor  cell  lines  thus  far 
studied  in  culture.   These  are  Walker  256  cells,  L1210cells  and  murine 
erythroleukemia  cells  (MEL,  Friend  cells).   Since  serum  contains  small  amounts 
of  heme  and  is  used  in  the  medium  for  most  cell  cultures,  an  attempt  was  made 
to  grow  all  three  cell  lines  in  a  completely  defined  medium,  which  would  prevent 
uptake  of  heme  in  cells  whose  heme  synthesis  was  inhibited.   Only  MEL  cells 
could  be  grown  in  defined  medium  and  succinylacetone  caused  a  profound  decrease 
of  cellular  heme  content,  protein  synthesis  and  growth  in  these  cells.   Hematin, 
when  added  to  the  medium  in  low  concentrations  ,  caused  an  increase  of  cellular 
heme  content  and  a  reversal  of  the  inhibition  of  protein  synthesis  and  growth. 
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In  contrast  to  MEL  cells,  L1210  and  Walker  256  cells,  when  grown  in  medium 
containing  serum  and  succinylacetone,  did  not  experience  a  decrease  of  cellular 
heme  concentration.   Nevertheless,  growth  of  these  cells  was  inhibited  by 
succinylacetone,  although  at  somewhat  higher  concentrations  than  were  required 
for  inhibition  of  growth  of  MEL  cells.   This  suggests  two  separate  mechanisms 
by  which  succinylacetone  inhibits  tumor  cell  growth. 

Succinylacetone,  when  administered  by  intraperitoneal  osmotic  minipump  for 
7  days,  caused  a  pronounced  prolongation  of  the  survival  time  of  rats  bearing 
the  ascites  form  of  the  Walker  256  tumor.   "Cure  rates"  (survival  of  30-60  days 
compared  ot  umtreated  survival  of  7-9  days)  ranged  from  15-30%.   Combination  of 
a  compound  (allylisopropylacetamide)  known  to  augment  heme  turnover,  with 
succinylacetone,  prolonged  survival  somewhat  more  that  succinylacetone  alone 
and  increased  the  "cure  rate"  to  36%.   The  antitumor  effect  of  succinylacetone 
alone,  or  in  combination  with  allylisopropylacetamide,  was  inferior  to  that  of 
cyclophosphamide . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  enzymes  catalyzing  the  interconversion  of  proline  and  pyrroline-5- 
carboxylate  provide  a  mechanism  for  the  intercompartmental  intercellular 
and  interorgan  transfer  of  redox  potential.  The  proline  cycle  links 
glucose  oxidation  through  the  hexosemonophosphate-pentose  pathway  to 
mitochondrial  oxidatine  phosphorylation .   Ornithine  and  glutamate  can 
serve  as  additional  sources  of  pyrroline-5-carboxylate. 
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Objectives:   Recent  reports  have  emphasized  the  primary  role  of  metabolic 
regulation  in  malignant  transformations  of  mammalian  cells.   The  transport, 
biosynthesis  and  degradation  of  amino  acids  may  play  an  important  role  in 
this  metabolic  regulation.   Not  only  are  amino  acids  the  necessary  building 
blocks  for  proteins  but  also  they  play  important  roles  in  intermediary 
metabolism.   This  project  emphasizes  the  biosynthesis  and  degradation  of 
proline  because  the  metabolism  of   proline  has  unusual,  even  unique,  features. 
The  metabolic  intermediates  of  proline  provide  an  important  link  of  carbons 
between  the  TCA  and  urea  cycles.   In  addition,  these  intermediates, 
functioning  as  redox  couples,  can  regulate  a  number  of  redox-dependent 
metabolic  pathways.   The  mechanisms  regulating  the  interconversions  of 
proline  in  normal  and  malignant  cells  are  poorly  understood.   These 
studies  may  elucidate  changes  in  growth  rates,  energy  allocation  and 
malignant  transformations  in  tumors.   The  project  is  relevant  to  objective 
3,  Approaches  1  and  5  of  the  National  Cancer  Program. 

Methods  Employed:   A  variety  of  approaches  are  used  to  pursue  the 
aforementioned  objectives  in  animal  tissues,  freshly  isolated  human  cells  and 
cells  maintained  in  long-term  tissue  culture.   Cultured  cell  lines  are 
especially  useful  since  they  can  be  cloned  to  insure  genetically  homogenous 
populations.   Mutant  cells  are  isolated  by  standard  techniques  or  are 
obtained  from  patients  with  defined  inborn  errors  of  metabolism.   Many 
biochemical  techniques  are  utilized  in  these  studies.   Uptake  of  amino  acids 
are  assessed  by  using  labeled  amino  acids  and  rates  of   protein  and  collagen 
synthesis  are  obtained  by  incubating  cells  with  L-proline-^C  and  separation 
of  incorporated  labeled  amino  acids  by  ion-exchange  column  chromatography. 
Metabolic  conversions  in  intact  cells  can  be  determined  by  isolating  labeled 
products  from  labeled  precursors  using  high-pressure  liquid  chromatography. 
Methods  have  been  developed  to  measure  ornithine  production  from  proline 
and  glucose  formation  from  lactate,  proline  and  alanine.   Nucleotides  and 
their  precursors,  labeled  and  unlabeled,  are  quantitated  using  high-pressure 
liquid  chromatography.   The  enzymes  of  biosynthesis  and  degradation  of 
proline  are  assayed  using  specific  radioisotopic  methods.   Biochemical 
studies  on  specific  enzymes  include  the  isolation  of  mitochondria,  solu- 
bilization of   enzymes  from  mitochondrial  particles  and  purification. 
Physicochemlcal  characteristics  of  these  enzymes  are  studied  by  gel 
filtration  and  affinity  chromatographic  techniques. 

Major  Findings: 

Clinical  and  Basic  Research  Goals:   Proline,  a  nonessential  amino 
acid,   has  a  number  of  unique  metabolic  functions.   Proline  and  its 
hydroxylated  derivative,  4-hydroxy-L-proline,  are  abundant  in  collagen 
constituting  20%  of  the  amino  acid  residues.   More  interestingly,  our 
laboratory  has  shown  that  proline  and  its  metabolism  can  regulate  other 
major  metabolic  pathways  thereby  providing  a  mechanism  for  modulating 
the  use  of  alternative  energy  sources.   The  two  imino  acids  (PRO,  HOP) 
are  unusual  in  that  they  are  the  only  naturally  occuring  amino  acids 
without  a  free  alpha-araino  group.   Instead,  the  alpha-amino  group  is 


Z01-CB-04004-20-MET 

incorporated  within  a  pyrrolidine  ring.   Thus,  proline  and  hydroxyproline 
cannot  participate  in  the  usual  transamination  and  decarboxylation  reactions 
common  to  most  other  amino  acids.   We  have  shown  that  the  specific  enzyme 
system  metabolizing  proline  is  linked  to  general  metabolic  pathways  via 
the  redox  state.   Since  the  redox  state  is  critical  to  a  large  number  of 
metabolic  systems  (energy,  gluconeogenesis,  nucleotide  metabolism,  membrane 
function,  ureogenesis,  etc)  we  propose  that  proline  plays  a  role  in 
regulating  these  metabolic  systems  and  derangements  of  this  regulation 
may  produce  disease. 

The  Proline  Cycle:  We  have  proposed  that  the  enzymes  catalyzing  the 
interconversions  of  proline,  pyrroline-5-carboxylate  (PC),  ornithine  and 
glutamate  constitute  a  metabolic  system  for  the  intercorapartmental, 
intercellular  and  interorgan  transfer  of  redox  potential.   Central  to 
this  hypothesis  is  the  proline  cycle  in  which  proline  and  pyrroline-5-carboxylic 
acid  (PC)  function  as  a  redox  pair  and  their  interconversions  catalyzed 
by  proline  oxidase  and  pyrroline-5-caraboxylate  reductase,  mediate  the 
redox  transfers.   PC  reductase,  a  cytosolic  enzyme,  oxidizes  either  NADH 
or  NADPH  accompanying  the  formation  of  proline.   Proline  oxidase  which 
is  tightly  bound  to  mitochondrial  inner  membranes  converts  proline  back 
to  PC,  donates  protons  to  electron  transport  and  thereby  phosphorylates 
ADP  by  a  mechanism  independent  of  NADH  oxidation.   The  availability  of 
PC  for  participation  in  the  proline-PC  cycle  may  depend  on  the  enzymes 
catalyzing  the  interconversions  of  ornithine  and  glutamate,  i.e.  PC 
synthase,  ornithine  aminotransferase  and  PC  dehydrogenase;  all  of  which 
have  PC  either  as  substrate  or  product  and  thereby  determine  the  availability 
of  PC  for  participation  in  the  proline-PC  cycle. 

Evidence  supporting  the  proline  cycle  came  from  several  experimental 
approaches.   First,  we  showed  that  proline-PC  cycles  between  intact  hepato- 
cytes  and  erythrocytes  and  the  accompanying  redox  transfer  drives  the 
hexosemonophosphate-pentose  (HMP)  pathway  in  erythrocytes.   The  differential 
cellular  locations  of  the  involved  enzymes  are  an  essential  feature  for  this 
demonstration.   Erythrocytes  have  PC  reductase  but  no  other  enzyme  of 
proline  metabolism.   Therefore,  erythrocytes  cannot  synthesize  PC  and  the 
metabolic  fate  of  PC  is  confined  to  its  conversion  to  proline.   PC  added 
to  the  incubation  medium  drives  the  activity  of  the  HMP  in  erythrocytes 
by  providing  the  requisite  oxidizing  potential  (NADP+)  for  augmenting 
HMP  activity.   At  saturation,  PC  increases  HMP  activity  15-20  fold. 
In  contrast,  hepatocytes  have  proline  oxidase  as  well  as  the  other  proline-PC 
metabolizing  enzymes  but  they  do  not   respond  in  their  HMP  activity  to 
added  PC  or  proline.   Instead,  PC  produced  from  proline  by  hepatocytes 
is  released  Into  the  medium.   With  these  metabolic  characteristics  defined, 
we  were  able  to  show  that  proline  stimulates   HMP  activity  in  erythrocytes 
but  only  when  hepatocytes  were  present  in  a  co-incubation. 

We  showed  that  it  was  indeed  PC  produced  by  hepatocytes  and  transferred 
into  erythrocytes  which  mediated  the  observed  effect.   o-Aminobenzaldehyde 
reacts  with  delta-  1  double  bonds  and  covalently  binds  PC.   The  addition 
of  o-arainobenzaldehyde  to  the  co-incubation  specifically  abolished  the 
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effect  of  proline  on  HMP  activity.   Thus,  proline  is  converted  to  PC  by 
hepatocyte  proline  oxidase,  the  PC  is  released  and  taken  up  by  erythrocytes 
and  is  converted  back  to  proline  by  erythrocyte  PC  reductase  with  the  concom- 
itant oxidation  of  NADPH. 

Our  second  approach  was  to  show  in  a  reconstituted  system  that  the 
cycling  of  proline-PC  generated  both  NADP+  and  ATP.   By  incubating  ADP  and 
NADPH  with  mitochondria  and  erythrocyte  cytosol,  we  showed  that  the 
generation  of   CO2  from  glucose-(l)-  C  which  requires  both  ATP  and 
NADP+  was  markedly  augmented  by  PC  or  proline.   We  showed  that  the 
proline-dependent  formation  of  ATP  requires  proline  oxidase;  the  oxidation 
of  NADPH  requires  PC  and  PC  reductase.   These  findings  allowed  us  to 
postulate  that  the  cycling  of  proline-PC  links  glucose  oxidation  through 
the  HMP  pathway  to  mitochondrial  oxidative  phosphorylation  by  a  mechanism 
independent  of  NADH  oxidation. 

Another  approach  we  have  undertaken  is  to  show  the  transfer  of  pro- 
tons from  glucose  to  proline  as  a  measure  of  the  cycling  of  proline-PC. 
Using  glucose-(l)-3H,  we  quantitated  the  radioactivity  incorporated 
into  proline  as  an  indication  of  the  coupling  of  the  HMP  pathway  to 
proline-PC  cycling.   The  transfer  of  Tritium  from  glucose  to  proline  requires 
NADP+,  PC  and  the  enzymes,  hexokinase,  glucose-6-phosphate  dehydrogenase 
and  PC  reductase.   The  cycling  of  PC  produced  from  added  proline  by  mito- 
chondria or  isolated  hepatocytes  can  be  assessed  by  quantitating  the  amount 
of  glucose-derived  tritium  incorporated  into  proline.   With  this  method 
we  have  directly  measured  the  coupling  of  HMP  activity  to  proline  cycling. 

Characteristics  of  PC  Reductase 

Because  PC  reductase  is  a  critical  participant  in  the  postulated 
proline-PC  cycle,  we  characterized  the  enzyme  from  a  variety  of  tissue  4 
and  cellular  sources.   We  were  especially  interested  in  the  preferential 
utilization  of  pyridine  nucleotides  (NADPH  vs.  NADH)  and  in  the  regulation 
of  enzyme  activity.   Distinct  patterns  emerged  from  these  studies.   The 
erythrocyte  enzyme  has  an  affinity  for  NADPH  which  is  an  order  of  magnitude 
greater  than  that  for  NADH  and  the  affinity  for  PC  is  greater  with  NADPH 
than  with  NADH.   This  is  in  contrast  with  the  enzyme  from  cultured  human 
fibroblasts  which  shows  no  preference  for  oxidizing  reduced  pyridine 
nuclestides.   Furthermore,  proline  is  a  potent  regulator  of  the  fibroblast 
enzyme  but  has  no  effect  on  the  erythrocyte  enzyme.   Instead,  erythrocyte 
enzyme  is  regulated  by  NADP+  which  in  turn  has  no  effect  on  the  fibroblast 
enzyme.   The  different  characteristics  of  PC  reductase  in  erythrocytes 
and  fibroblasts  constitute  a  pardigm  which  has  been  useful  in  studies  of 
PC  reductase  in  cultured  lymphocytes,  cartilage,  bone  and  rat  osteo- 
chondrosarcoma . 

The  Role  of  Proline  as  Carbon  Source 

Proline  Is  an  anaplerotic  source  for  both  the  urea  and  TCA  cycles 
In  that  it  is  a  source  of  ornithine  and  alpha-ketoglutarate.   Using  LLC 
cells,  a  cultured  cell  line  derived  from  rabbit  kidney  with  the  full 
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complement  of  proline  metabolic  enzymes,  we  characterized  the  formation 
of  ornithine  from  proline  as  related  to  redox  perturbations.   Using 
radiolabeled  proline,  we  found  that  radiolabeled  ornithine  can  be 
recovered  only  when  cells  are  treated  with  rotenone,  an  inhibitor  of 
NADH  oxidase.   Thus,  proline  is  converted  to  ornithine  through  PC  only 
when  mitochondria  are  highly  reduced.   In  the  presence  of  rotenone,  proline 
is  also  a  potent  stimulator  of  glucose  metabolism  through  the  HMP  pathway 
in  LLC  cells.   However,  when  glucose  is  present,  ornithine  formation 
from  proline  is  abolished.   We  think  that  PC  produced  from  proline  is 
recycled  preferentially  back,  to  proline  in  order  to  generate  the  oxidizing 
potential  to  metabolize  glucose.   In  the  absence  of  this  metabolic  require- 
ment, proline  carbons  traversing  through  PC  is  routed  into  ornithine. 

Arginine  as  a  Source  of  Ornithine  and  PC:   The  Role  of  Erythrocyte  Arginase 

Since  ornithine  is  a  source  of  PC  and  proline,  the  supply  of  ornithine, 
especially  in  peripheral  tissues  which  lack  arginase,  may  be   important 
for  growth  or  wound  healing.   Our  studies  show  that  red  cell  arginase 
may  play  a  role  in  supplying  ornithine.   The  metabolic  and  physiologic 
role  of  red  cell  arginase  has  not  been  emphasized  because  of  the  high  Km 
found  for  the  purified  enzyme.   We  showed  that  intact  human  erythrocytes 
produce  ornithine  from  arginine  and  release  it  into  the  medium.   Surprisingly, 
the  apparent  Km  of  this  process  in  intact  cells  is  0.16  mM  which  approximates 
the  level  of  arginine  found  in  plasma.   In  addition,  co-incubations  of 
erythrocytes  with  fetal  rat  calvaria  show  that  the  ornithine  produced  by 
red  cells  is  a  source  of  proline  and  hydroxyproline  in  calvarial  proteins. 
Although  red  cell  arginase  probably  does  not  contribute  significantly  to 
total  urea  production,  its   function  in  supplying  ornithine  to  peripheral 
tissues  may  be  physiologically  important  in  special  situations  e.g. 
wound-healing  and  cell  proliferation. 

Significance  to  Biomedical  Research 

The  linkage  of  the  proline  metabolic  pathway  to  glucose  (energy)  and 
nucleotide  metabolism  has  far-reaching  Implications.   Since  the  HMP 
pathway  is  the  source  of  pentose  for  nucleic  acids,  the  proline-PC 
interconversions  provide  a  mechanism  for  adjusting  the  synthesis  of 
macromolecules .   Derangements  in  the  linkage  may  be  involved  in  the 
altered  metabolism  of  malignant  cells.   Furthermore,  the  demonstrated 
proline-PC  cycle  provides  not  only  a  mechanism  for  ATP  generation  from 
the  HMP  pathway,  but  also  serves  as  a  model  for  small  molecules  acting 
as  metabolic  signals  between  cells.   These  studies  provide  a  new  approach 
in  understanding  pathophysiologic  mechanisms  in  several  diseases  including 
1)  metabolic  derangements  in  sepsis.  2)  Increased  collagen  and  proteoglycan 
production  in  diabetes  melltius  and  3)  retinal  degeneration  In  gyrate 
atrophy. 


891 


Z01-CB-04004-20-MET 
PROPOSED  COURSE 

The  metabolic  aspect  of  oncogenesis  has  been  recently  emphasized  by 
the  reported  findings  involving  cell  transformation  and  the  Src  gene. 
This  viral  gene  has  been  shown  to  be  responsible  for  the  in  vitro  trans- 
formation of  cultured  mammalian  cells.   The  product  of  the  Src  gene, 
interestingly,  is  a  kinase  which  modifies  an  enzyme  of  pyruvate  metabolism. 
Workers  in  the  area  suggest  that  the  manifold  characteristics  and  pleiotypic 
changes  found  in  transformed  cells  are  due  to  this  single  change  in 
glucose  and  energy  metabolism.   Thus,  malignancies  have  been  added  to 
the  list  of  disease  processes  where  the  pathogenesis  may  be  related  to 
energy  metabolism.   These  others  include  diabetes,  coronary  atherosclerosis 
and  other  endocrine  and  metabolic  diseases . 

The  proline-PC  cycle  may  play  a  central  role  in  such  "post-receptor 
events."  We  are  emphasizing  the  following  areas  in  our  future  work. 
1)  physiologic  and  biochemical  implications  of  the  redox  coupling  to 
the  HMP  pathway.   Since  the  HMP  pathway  is  the  main  source  of  pentoses 
for  nucleic  acid  synthesis  and  processing,  we  are  quantitating  bases, 
nucleosides  and  nucleotides  using  High  pressure  liquid  chromatography. 
We  hope  to  show  that  the  proline-PC  cycle  plays  a  role  in  influencing 
the  rate  of  nucleic  acid  production.   2)  Coupling  of  proline-PC  cycle  to 
NAD+  dependent  pathways.   Our  emphasis  thus  far  has  been  on  NADP+ 
dependent  pathways  i.e.  HMP  pathway.   We  will  examine  the  relationship 
of  the  proline-PC  cycle  to  the  major  NAD+  dependent  pathway,  pyruvate 
and  lactate  production  from  glucose  by  the  Embden-Meyerhof  pathway.   3) 
Availability  of  PC.   PC  can  be  found  from  ornithine  and  glutamate  and  also 
may  be  cycled  back  to  glutmate.   Since  the  availability  of  PC  is  a  potential 
point  of  regulation,  we  will  investigate  the  regulation  of  the  involved 
enzymes.   Studies  in  cells  from  patients  with  gyrate  atrophy  of  the 
retina,  deficient  in  ornithine  amino  transferase,  may  establish  the 
clinical  relevance  of  PC-mediated  redox  transfers.   We  are  collaborating 
with  Dr.  David  Valle  of  Johns  Hopkins  in  these  studies.   Studies  on  PC 
dehydrogenase  which  converts  PC  to  glutamate  will  also  be  undertaken 
since  this  enzyme  may  influence  the  availability  of  PC  to  participate  in 
the  PC  reductase  mediated  oxidation  of  NADPH. 

Finally,  we  will  undertake  physiologic  studies  in  animals  to  ascertain 
the  importance  of  the  proline-PC  cycle.   The  PRO/Re  mice,  which  lack  proline 
oxidase,  will  provide  an  experimental  model.   In  particular,  physiologic 
stress  e.g.  exercise,  anoxia,  etc.  will  be   introduced  and  the  response  of 
these  mutant  mice  will  be  compared  to  that  in  normals.   Injections  of  PC 
may  then  be  used  to  determine  whether  it  will  correct  any  observed  abnormal 
responses . 
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Objectives:    Studies  were  directed  toward  the  analysis  of  the  humoral 
and  cellular  immune  responses  of  experimental  animals  with  particular  emphasis 
on  the  study  of  experimental  models  of  human  disease.   Studies  were  directed 
toward  the  analysis  of  the  immune  responses  of  normal  humans  as  well  as 
individuals  having  a  variety  of  immune  disorders  with  concentration  on  immuno- 
deficiency disorders  as  well  as  immunologic  disorders  of  the  gastrointestinal 
tract.   These  studies  included  the  investigation  of  patient  with  gluten- 
sensitive  enteropathy,  dermatitis  herpetiformis,  inflammatory  bowel  disease, 
as  well  as  patients  with  ataxia  telangiectasia,  common  variable  hypogamma- 
globulinemia, and  intestinal  lymphangiectasia.   Each  of  these  diseasea  are 
associated  with  a  high  incidence  of  reticuloendothelial  malignancy  and  the 
mechanism  underlying  the  association  between  malignancy  and  these  diseases 
was  sought . 

Methods  Employed:   A  host  of  techniques  were  used  to  assess  immunologic 
function  of  experimental  animals  and  patients  with  disorders  of  the  immune 
system.   Circulating  B  cells  in  peripheral  blood  and  in  tissue  were  enumerated 
with  carefully  prepared  fluorescein-conjugated  F(ab')2  antiserum  with  specifi- 
city for  heavy  chains  of  immunoglobulins.   Circulating  T  cells  were  enumerated 
with  sheep  red  blood  cell  rosette  techniques.   Antibody  responses  were 
assessed  by  microhemagglutination  techniques  and  in_  vitro  proliferative 
responses  were  assessed  with  tritiated  thymidine  incorporation  following  ex- 
posure to  specific  and  nonspecific  mitogens.   Mitogen-induced  cytotoxic  effector 
cells  as  well  as  antibody  dependent  and  natural  cytotoxic  effector  cells  were 
assessed  with  53-Cr-release  assays  using  red  cell  and  nucleated,  metabolically 
active  target  cells.   Homogenous  cell  populations  were  isolated  with  the  use  of 
Sephadex  anti-Fab  columns,  rosetting  techniques  and  the  use  of  colloidal  iron 
followed  by  passage  through  a  magnetic  field.   Short  term  organ  culture  was 
used  in  conjunction  with  solid  phase  immunoabsorption  techniques  to  measure 
mucosal  immunoglobulins;  long  term  organ  culture  techniques  were  used  to 
study  in  vitro  models  of  intestinal  disease..   Cells  obtained  from  various 
tissues  as  well  as  from  peripheral  blood  were  cultured  in  vitro  under  a 
variety  of  conditions.   Supernatants  from  these  cell  cultures  were  assayed 
by  radioimmunoassay  in  order  to  measure  immunoglobulins  produced  in 
culture.   Patients  with  immunologic  disorders  were  studied  with  metabolic 
turnover  techniques  to  measure  immuoglobulin  synthesis  and  catabolism. 

Major  Findings:  (A)  STUDIES  OF  THE  REGULATION  OF  IgA  IMMUNOGLOBULIN 
RESPONSE. 

Background :   During  the  current  period  we  continued  a  broad  study  of 
mucosal  immune  responses  in  general  and  IgA  immunoglobulin  responses  in 
particular.   In  previous  investigations  in  this  area  we  were  able  to 
demonstrate  that  IgA  immunoglobulin  responses  are  governed  by  regulatory 
T  Cells  which  are  distinct  from  the  regulatory  T  cells  controlling  IgM 
and  IgG  synthesis.   In  a  relevant  study  we  showed  that  lipopolysaccharide 
(LPS)  -induced  Ig  synthesis  by  indicator  mouse  B  cells  was  variably 
affected  by  Concanavalin  A  (Con  A)  treated  Pyer's  patch  T  cells:   IgM  and 
IgG  synthesis  was  suppressed  whereas  IgA  synthesis  was  enhanced.   This 
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separate  regulation  of  IgA  as  compared  to  IgM  and  IgG  by  a  single  T  cell 
population  led  to  the  conclusion  that  a  separate  regulatory  T  cell 
population  exist  which  controls  IgA  synthesis. 

Findings:   The  experiment  described  above  could  be  faulted  because 
it  involves  polyclonal  Ig  synthesis  and  may  not  thereforeby  applicable  to 
immune  responses  induced  by  antigens.   Accordingly,  during  this  period  we 
devised  and  carried  to  fruition  experiments  which  could  support  the 
concept  of  class-specific  IgA  T  cells  in  an  antigen-driven  system.   In 
these  experiments,  mice  were  administered  soluble  ovalbumin  (OVA)  by 
gastric  intubation.   One  to  three  days  later,  Peyer's  patch,  mesenteric 
lymph  node  or  spleen  cells  from  the  OVA-fed  mice  were  adoptively  transferred 
into  normal  syngeneic  recipients.   After  two  subsequent  immunizations 
with  OVA,  spleens  from  the  recipient  mice  were  assayed  for  IgA  and  IgG 
anti-OVA  plaque-forming  cell  (PFC)  responses.   None  of  the  tissues  from 
normal  (unfed)  mice  had  the  ability  to  alter  recipients'  IgG  or  IgA 
responses,  indicating  that  the  mere  transfer  of  cells  to  the  recipients 
could  not  account  for  effects  seen.   Cells  present  in  Peyer's  patch  one 
day  after  feeding  and  transferred  to  recipients  led  to  augmentation  of 
recipient  IgA  anti-OVA  PFC  response  and  suppression  of  IgG  anti-OVA  PFC 
response.   Cells  present  in  Peyer's  patch,  mesenteric  lymph  node  and 
spleen  3  days  after  feeding  and  transferred  to  recipients  all  led  to 
suppression  of  recipient  IgG  responses  whereas  the  same  cells  from  Peyer's 
patch  and  mesenteric  lympho  node  (but  not  spleen)  led  to  augmentation  of 
IgA  responses.   The  effects  seen  were  antigen  specific  and  were  mediated 
by  T  cells  in  the  transferred  population  since  anti-thy  1.1  +  C  removed 
the  regulatory  Influences.   Additionally,  anti  Ly  2  +  C  treatment  of  the 
transferred  cell  population,  a  procedure  which  preferentially  removes 
suppressor  cells,  led  to  ablation  of  suppression  of  the  IgG  anti-OVA 
response  but  had  no  concomitant  effect  on  the  IgA  anti-OVA  response;  this  is 
a  clear  indication  that  negative  regulation  (suppression)  of  IgG  responses 
is  independent  of  regulation  of  IgA  responses.   Finally,  the  IgG  anti-OVA 
responses  in  recipient  animals  receiving  cells  from  unfed  donots  was  the 
same  as  animals  receiving  anti  Ly  2  treated  (suppressor  cell-depleted) 
cells  from  fed  donors,  whereas  the  IgA  anti-OVA  responses  in  recipient 
animals  receiving  cells  from  unfed  donors  was  only  20%  of  that  of  animals 
receiving  anti-Ly  2  treated  cells  from  fed  donors.   This  indicates  that 
positive  regulation  (help)  of  IgG  responses  is  independent  of  regulation 
of  IgA  responses. 

In  summary,  these  studies  indicate  that  antigen-driven  IgG  and  IgA 
responses  are  regulated  independently  in  animals  fed  ovalbumin.   First, 
one  sees  enhancement  of  IgA  and  suppression  of  IgG  brought  about  by  a 
single  T  cell  population,  just  as  in  the  polyclonally-activated  system. 
Provided  IgA  and  IgG  B  cell  responses  to  regulatory  influences  are  similar, 
one  can  conclude  from  this  fact  that  separate  T  cells  regulate  IgA  and 
IgG  synthesis.   Second,  one  can  see  selective  effects  on  IgG  responses  by 
treatment  of  cell  populations  with  anti-Ly  2  (anti-suppressor  cell) 
antiserum.   This  also  is  indicative  of  the  existence  of  separate  class-specific 
regulatory  cells  for  IgA  and  IgG  responses. 
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In  separate  studies  we  examined  the  capacity  of  Peyer's  patch 
macrophages  to  present  antigen  to  T  cells  for  specific  proliferative 
responses.  In  previous  studies  of  this  question,  done  elsewhere,  Peyer's 
patch  macrophages  were  shown  to  be  incapable  of  antigen  presentation. 
This  was  used  to  explain  the  fact  that  antibody  producing  cells  were 
generally  not  found  in  Peyer's  patches  and  this  organ  served  only  as  a 
conduit  for  antigen  on  its  way  to  interior  lymphoid  organs. 

In  these  studies,  we  isolated  macrophages  from  Peyer's  patches  by 
subjecting  the  tissue  to  collagenase  treateraent.   In  this  way  we  obtained 
macrophages  which  could  be  pulsed  with  antigen  and  which  could  then 
successfully  induce  antigen-specific  proliferation  in  primed  lymph  node  T 
cells.  In  further  studies  we  showed  that  feeding  of  antigen  to  mice 
(ovalbumin)  led  to  the  appearance  of  macrophages  which  could  induce 
antigen-specific  T  cell  proliferation  without  further  exposure  to  antigen. 

These  results  show  that  Peyer's  patch  macrophages  are  able  to  function 
as  antigen  presenting  cells.   They  dovetail  with  the  studies  described 
above  in  that  they  provide  a  mechanism  through  which  antigen-specific, 
class-specific  T  cells  are  Induced  in  Peyer's  patches.   Previous  failures 
to  demonstrate  functional  Peyer's  patch  macrophages  is  undoubtedly  attributable 
to  the  fact  that  the  methods  for  obtaining  these  cells  from  the  patch 
were  inadequate.   The  fact  that  antibody-producing  cells  cannot  be  found 
in  Peyer' s  patches  is  probably  due  to  the  fact  that  induced  cells  promptly 
leave  the  patch  to  begin  their  migration  to  other  gutassociated  lymphoid 
tissues. 

Significance;   The  establishment  of  the  existence  of  class-specific 
regulation  of  IgA  and  IgG  responses  leads  to  the  possibility  that  any 
combination  of  regulatory  effects  may  be  separately  imposed  upon  antibody 
responses  In  the  various  immunoglobulin  classes.   In  this  regard,  oral  feeding 
may  frequently  induce  IgG  antibody  suppression  and  IgA  antibody  enhancement  as 
as  observed  in  these  studies.   This  regulatory  pattern  would  be  useful 
to  the  organism  in  many  instances  since  suppressed  peripheral  responses 
to  fed  antigens  (IgG  response  predominantly)  would  obviate  the  possibility 
of  antigen-antibody  complex  formation  and  autoimmune  disease;  at  the 
same  time,  enhanced  IgA  responses  could  insure  protection  of  the  organism 
against  pathogenic  organisms  at  mucosal  sites  as  well  as  prevention  of 
entry  of  lumenal  antigens. 

An  alternative  pattern  of  response  is  suppression  in  both  the  IgA 
and  IgG  systems.   This  might  be  advantageous  with  respect  to  antigens 
that  are  always  present  in  the  GI  tract  and  which  could  therefore  divert 
immunologic  activity  away  from  antigens  of  pathologic  significance.   It 
remains  to  be  determined  what  conditions  bring  about  the  various  patterns 
of  regulatory  responses. 
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Proposed  Course:   An  obvious  channel  of  research  suggested  by  the 
above  studies  is  the  identification  and  isolation  of  class-specific 
regulatory  cells.   In  this  regard  we  have  previously  identified  T  cells 
which  bear  IgA-Fc  receptors.   These  cells  are  candidate  IgA  class-specific 
regulatory  cells.   In  studies  to  be  pursued  we  plan  to  clone  T  cells  from 
gut-associated  lymphoid  tissues  using  limiting  dilution  techniques  in 
association  with  T  cell  growth  factors  (interleukin  II).   In  these  studies 
cells  with  class  specific  regulatory  effects  will  be  identified  by  their 
ability  to  support  polyclonally-induced  IgA  and/or  IgG  synthesis.   If 
class-specific  cells  are  identified,  their  surface  characteristics  and 
functional  properties  will  be  studied.   In  subsequent  studies  we  plan  to 
isolate  class-specific,  antigen-specific  T  cells  for  study  in  in  antigen 
specific  systems.  This  will  enable  us  to  determine  orally-induced  class- 
specific  regulatory  effects  in  a  more  physiological  way. 

(B)  STUDIES  OF  IMMUNOREGULATORY  DEFECTS  IN  CROHN'S  DISEASE 

Background:   Crohn's  disease  is  an  inflammatory  disease  of  the  small 
bowel  and/or  large  bowel  characterized  by  ulceration  and  granuloma 
formation.   Patients  develope  bowel  wall  thickening,  fistula  formation  as 
well  as  extra-intestinal  manifestations  including  arthritis,  iritis  and 
skin  lesions.   In  previous  studies  of  immune  function  of  patients  with  Crohn's 
disease,  a  number  of  abnormalities  have  been  identified,  but  none  which 
could  lay  claim  as  the  primary  cause  of  the  disease. 

In  the  studies  to  be  described,  we  determined  whether  or  not  Crohn's 
disease  is  associated  with  disordered  immunoregulation.   The  initial 
impetus  to  these  studies  was  the  finding  that  patients  with  Crohn's 
disease,  particularly  those  with  severe  disease,  had  decreased  Con  A- 
induced  suppressor  T  cell  activity  assayed  on  Indicator  cells  undergoing 
proliferative  responses.   In  the  studies  to  be  described  we  evaluated 
immunoregulatory  function  in  patients  with  mild  or  inactive  disease  so  as 
to  avoid  secondary  effects  of  the  disease  process.   In  addition,  we  studied 
regulatory  effects  on  Ig  synthesis  since  effects  on  proliferation  are  not 
clearly  interpretable  in  functional  terms. 

Findings :   The  studies  performed  involved  separation  of  patient  T 
and  B  cells  with  anti-FAB  columns  and  then  culturing  of  the  separated 
cells  in  the  presence  of  pokeweed  mitogen  (PWM)  at  various  T:B  cell 
ratios.   In  such  cultures  maximum  Ig  (IgM)  synthesis  occurs  at  1:1  to  5:1 
T:B  cell  ratios  and  Ig  synthesis  fails  precipitously  at  higher  T:B  cell 
ratios.  This  latter  effect  is  due  to  suppressor  T  cell  activity  and  is 
not  seen  when  T  cells  are  irradiated  prior  to  culturing.   In  fact,  the 
ratio  of  PWM-driven  Ig  synthesis  at  high  T:B  cell  ratios  in  cultures 
containing  irradiated  T  cells  to  Ig  in  those  cultured  containing  unirradiated 
T  cells  can  be  used  as  a  measure  of  radiation  sensitive  suppressor  T  cell 
activity. 
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In  our  initial  observations,  cells  from  the  patients  with  Crohn's 
disease  functioned  similarly  to  those  from  normal  controls:   peripheral 
blood  lymphocytes  from  patients  synthesized  as  much  IgM  in  vitro  as  such 
cells  from  normal  controls  and  the  observed  mean  synthesis  of  IgM  in  co- 
cultures  of  patient  and  normal  peripheral  blood  lymphocytes  was  the  same 
as  expected.   However,  in  studies  using  purified  B  cells  and  T  cells, 
cultures  of  cells  from  a  large  subset  of  the  patients  clearly  diverged 
from  those  of  the  normal  controls  in  that  there  was  significantly  less 
synthesis  of  IgM  by  patient  cells  as  compared  to  normal  cells.  Analysis 
of  this  phenomenon  using  indicator  cultures  of  B  cells  and  T  cells  revealed 
that  the  patients  had  a  suppressor  T  cell  which  caused  the  reduced 
synthesis  of  IgM.   This  suppressor  cell  was  not  evident  in  the  co-cultures 
of  patients  and  normal  lymphocytes,  indicating  that  it  was  generated 
during  the  cell  separation  procedure.   Furthermore,  the  cell  In  question 
is  radiation  resistant  in  contrast  to  the  suppressor  cells  mentioned 
above  which  are  active  at  high  T:B  ratios.   We  have  used  the  term  "reactive" 
to  describe  this  suppressor  T  cell  because  of  its  heightened  responsiveness 
to  in  vitro  activation. 

It  is  not  yet  clear  whether  reactive  suppressor  T  cells  are  present 
in  only  a  subgroup  of  the  patients  or  whether  they  are  present  in  all  of 
the  patients  but  are  variably  expressed  due  to  differing  sensitivity  to 
the  in  vitro  triggering  stimulus.   We  favor  the  latter  possibility  because 
in  most  of  the  patients  decreased  synthesis  of  IgM  was  found  in  cultures 
of  B  cells  and  T  cells  as  compared  to  that  seen  in  culture  of  unseparated 
peripheral  blood  lymphocytes.   In  addition,  in  two  patients,  reactive 
suppression  was  demonstrable  on  one  occassion  but  not  on  another.   Assuming 
that  this  explanation  is  correct,  strong  reactive  suppression  might  be 
induced  in  all  of  the  patients  if  the  exact  triggering  stimulus  was  known 
and  could  be  more  efficiently  applied.   In  this  regard,  the  differing 
sensitivity  to  the  stimulus  and  thus  the  variable  expression  of  reactive 
suppression  might  be  related  to  the  state  of  the  disease  activity.  All 
three  of  the  patients  with  moderately  increased  disease  activity  scores 
had  strong  reactive  suppressor  T  cell  activity  which  was  demonstrated 
consistently  in  multiple  experiments  over  a  period  of  4  to  12  months. 

The  results  of  the  present  study  appear  at  first  to  contradict  the 
concept  mentioned  above,  that  Crohn's  disease  is  associated  with  decreased 
suppresor  T  cell  activity.   However,  this  is  not  necessarily  the  case, 
because  in  the  previous  study  of  this  point,  cells  from  patients  with 
mild  or  inactive  disease  had  normal  suppressor  activity  and  in  the  present 
study  all  the  patients  had  mild  or  Inactive  disease.   It  should  also  be 
mentioned  that  the  two  studies  utilized  different  assay  systems  and  there 
is  evidence  that  regulatory  T  cells  active  in  one  assay  system  are  distinct 
from  those  active  in  another  system,  e.g.,  the  T  cells  regulating 
immunoglobulin  synthesis  may  be  distinct  from  the  T  cells  regulating 
proliferative  reactions. 
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Significance:    Several  hypotheses  concerning  the  significance  of 
the  reactive  suppressor  cell  are  worthy  of  mention.   The  first  is  that 
the  reactive  suppressor  T  cell  represents  a  mechanism  to  control  the 
disease  by  limiting  the  inflammatory  immune  reaction  in  the  intestine.   If 
so,  flares  and  remissions  in  disease  activity  may  be  due  to  cyclic 
impairment  of  this  mechanism,  i.e.,  active  disease  may  be  asociated  with 
a  lack  of  reactive  suppressor  T  cells  and  remission  occurs  when  they  are 
re-established.   A  second  hypothesis  is  that  the  reactive  suppressor  T  cell 
may  play  a  primary  role  in  the  pathogenesis  of  the  disease:   excessive  T 
cell  suppression  in  the  lamina  propria  of  patients  inhibits  an  antibody 
response  to  some  antigen  resulting  in  the  enlistment  of  other  less 
efficient  arms  of  the  immune  response.   In  this  way  materials  which  might  be 
easily  be  disposed  of  by  an  antibody  response  persist  and  eventually 
chronic  inflammation  ensues. 

Proposed  Course:   The  most  important  task  In  evaluating  the  significance 
of  the  reactive  suppressor  cell  will  be  to  determine  whether  this  abnormality 
is  primary  or  secondary  to  the  disease.   To  accomplish  this  the  presence 
of  reactive  suppressor  cells  will  be  sought  in  patients  with  different 
levels  of  disease  activity,  in  relatives  of  patients  and  in  appropriate 
disease  controls  (patients  with  other  inflammatory  conditions  affecting 
the  GI  tract)  . 

To  establish  the  significance  of  these  suppressor  cells  it  will  also 
be  necessary  to  show  that  they  have  an  effect  on  Ig  synthesis  in_  vivo. 
In  this  regard,  we  have  already  indentified  a  patient  with  both  Crohn's 
disease  and  hypogammaglobulinemia  who  proved  to  have  circulating  suppressor 
T  cells.  Evidently  in  this  patient  the  suppressor  T  cell  does  not  require 
activation  by  in  vitro  manipulation  and  Is  present  in  an  active  state  in 
vivo.   In  further  studies  we  will  examine  lymphocyte  populations  obtained 
from  the  small  bowel,  to  determine  if  the  reactive  suppressor  cell  has 
important  local  effects. 

Preliminary  studies  indicate  that  the  reactive  suppressor  T  cells  is 
not  manifest  in  unseparated  lymphocyte  populations  because  the  latter 
contain  other  cells  which  prevent  activation  of  suppressor  T  cells.   We  are 
therefore  pursuing  studies  of  such  potential  anti-suppressor  cells.   As 
a  working  hypothesis,  we  feel  that  the  separation  procedures  used 
in  the  initial  studies  led  to  the  separation  of  anti-suppressor  cells 
from  the  suppressor  T  cells.   It  should  be  noted  that  anti-suppressor  T 
cells  have  in  fact  been  observed  in  murine  systems. 

Finally,  various  attempts  will  be  made  to  affect  reactive  suppressor 
T  cell  activity  with  pharmacologic  agents.   In  this  way,  it  may  be  possible  to 
positively  influence  the  course  of  the  Crohn's  disease. 
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(C)  STUDIES  IN  IMMUNOREGULATION  IN  PRIMARY  BILIARY  CIRRHOSIS. 

Background :   Primary  biliary  cirrhosis  (PBC)  is  a  progressive 
inflammatory  disease  of  the  liver  which  leads  to  intrahepatic  cholestasis, 
cirrhosis  and,  eventually,  hepatic  failure.   It  occurs  mainly  in  females 
and  is  not  susceptible  to  treatment  with  corticosteroids. 

Certain  features  of  primary  biliary  cirrhosis  suggest  that  immunological 
factors  play  an  Important  role  in  the  pathogenesis  of  the  disease. 
These  include  pathologic  changes  in  the  liver  such  as  lymphocytic  infiltration 
of  bile  ducts,  granulomas,  lymphoid  aggregates,  and  piecemeal  necrosis 
of  hepatocytes,  the  presence  of  elevated  titers  of  non-organ  specific 
auto-antibodies  such  as  anti-mitochondrial  antibody,  the  occurrence  of 
high  levels  of  circulating  immune  complexes,  increased  complement  catabolism, 
and  the  frequent  association  of  PBC  with  other  diseases  which  are  suspected 
of  having  an  Immunologic  basis. 

In  a  previous  study  of  this  condition  we  examined  the  possibility 
that  this  disease  might  be  associated  with  (and  perhaps  caused  by)  a 
defect  in  immunoregulation.   In  these  studies  T  cell-mediated  help  and 
suppression  of  tn_  vitro  pokeweed  mitogen-induced  Immunoglobulin  (IgM  and  IgG) 
synthesis  were  determined  using  both  autologous  (syngeneic)  and  allogeneic 
mixtures  of  B  cells  and  T  cells.   In  cultures  containing  autologous 
mixtures  of  normal  cells,  we  observed  augmentation  of  Ig  synthesis  at  low 
T:B  cell  ratios  (helper  effect)  and  Inhibition  of  Ig  synthesis  at  high 
T:B  cell  ratios  (suppressor  effect).   In  contrast,  in  cultures  containing 
autologous  mixtures  of  PBC  cells  we  observed  progressive  increases  of  Ig 
synthesis  with  increasing  T:B  cell  ratios  up  to  the  highest  T:B  cell 
ratio  studied.   This  finding,  In  the  context  of  a  number  of  control 
studies,  was  a  strong  Indication  of  the  presence  of  a  supprssor  T  cell  defect. 

A  very  different  picture  emerged  when  allogeneic  mixtures  were 
studied.   In  this  case,  when  PBC  T  cells  were  mixed  with  normal  B  cells 
we  observed  a  normal  pattern  of  Ig  synthesis:   Ig  synthesis  enhancement 
at  low  T:B  cell  ratios,  followed  by  Ig  synthesis  suppression  at  high  T:B 
cell  ratios.   This  finding  suggested  to  us  that  patients  are  not  capable 
of  generating  suppressor  cells  as  a  result  of  autologous  interactions  but 
are  capable  of  generating  such  cells  as  a  result  of  allogeneic  interactions. 

To  explore  this  possibility  we  decided  to  investigate  the  capacity 
of  patients  with  PBC  to  mount  autologous  mixed  lymphocyte  reactions.   The 
latter  consists  of  the  proliferative  response  of  responder  T  cells  and 
when  mixed  with  autologous  stimulator  non-T  cells.   It  Is  a  reaction 
against  "self"  antigens  or  self  antigens  that  have  been  modified  during 
the  cell  separation  procedure.   In  addition,  it  is  a  bone  fide  immunological 
response  that  shows  specificity  and  memory.   Finally,  it  has  been  shown 
that  the  population  of  cells  that  are  stimulated  during  an  autologous 
mixed  lymphocte  reaction  differ  from  those  stimulated  during  the  allogeneic 
mixed  lymphocyte  reaction  and  the  two  mixed  lymphocyte  reactions  may  give 
rise  to  different  populations  of  regulatory  T  cells.   It  was  possible, 
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therefore,  that  the  patients  with  PBC  could  have  defects  in  autologous 
interactions  leading  to  defective  induction  of  regulatory  T  cells,  whereas 
allogeneic  interactions  are  normal  and  the  complement  of  regulatory  T 
cells  arising  from  them  are  intact. 

Findings:   In  these  studies  we  were  able  to  demonstrate  that  patients  with 
primary  biliary  cirrhosis  have  a  marked  deficiency  in  the  ability  to  generate  an 
autologous  mixed  lymphocyte  reaction  but  have  a  normal  ability  to  generate 
an  allogeneic  mixed  lymphocyte  reaction.   More  specifically,  when  patient 
T  cells  obtained  from  anti-FAB  columns  were  mixed  with  patients'  non-T  cells 
and  cultured  for  8  days,  proliferation  of  responding  T  cells  was  some  5  to  10 
times  less  than  similar  cells  obtained  from  normal  individuals.   It  was  shown 
that  this  deficiency  is  not  due  to  differences  in  the  time  course  of  the 
proliferative  response  or  to  an  altered  response  to  variable  numbers  of 
stimulator  cells.   Furthermore,  the  deficiency  was  consistently  found 
irrespective  of  the  methods  used  to  isolate  the  autologous  stimulator  cells. 

In  parallel  studies,  both  responder  cells  and  stimulator  cells 
obtained  from  patients  with  PBC  were  found  to  be  similar  to  normal  cells 
in  their  ability  to  generate  an  allogeneic  mixed  lymphocyte  reaction  in 
Thus,  the  deficiency  in  the  autologous  mixed  lymphocyte  reaction  was  not 
a  general  defect  in  the  ability  of  patients'  cells  to  respond  to  antigens 
present  on  lymphoid  cells.   Finally,  serum  from  patients  with  PBC  inhibited 
the  ability  of  normal  lymphocytes  to  generate  both  autologous  mixed  lymphocyte 
reactions  and  allogeneic  mixed  lymphocyte  reactions  to  a  similar  degree. 
This  indicates  that  the  selective  defect  in  the  autologous  mixed  lymphocyte 
reaction  in  PBC  is  not  due  to  a  serum  factor. 

Since  the  autologous  mixed  lymphocyte  reaction  is  felt  to  be  a 
response  to  altered  "self"  antigens  we  performed  further  experiments  to 
measure  the  response  of  patient  responder  T  cells  to  deliberately  modified 
stimulator  (non-T  cell)  cell  populations.   The  stimulator  populations 
consisted  of  cells  modified  with  trinitrylphenyl  (TNP)  groups.   In  these 
studies  we  found  that  PBC  T  cells  had  greatly  reduced  responses  to  TNP-modifled 
stimulator  cells  indicating  that  the  reduced  autologous  mixed  lymphocyte 
reaction  in  PBC  is  associated  with  a  frank  defect  In  the  ability  to  mount 
or  respond  to  altered  "self"  antigens.   In  the  course  of  these  experiment 
we  also  found  that  secondary  autologous  responses  both  with  respect  to 
unmodified  and  TNP-modified  stimulator  cells  was  normal  in  PBC.   This 
last  result  indicates  that  the  defect  in  the  ability  to  mount  an  autologous 
mixed  lymphocyte  reaction  may  only  involve  one  component  of  the  autologous 
mixed  lymphocyte  reaction,  i.e.,  selective  cell  populations  may  respond  which 
become  evident  after  secondary  stimulation. 

Significance:   The  studies  of  immune  regulation  in  PBC  place  this 
disease  squarely  among  the  group  of  diseases  (such  as  SLE)  which  are 
characterized  by  autoimmunity  and  defective  immunoregulation.   It  is  now 
quite  reasonable  to  suggest  that  PBC  is,  at  least  in  part,  caused  by 
decreased  suppressor  T  cell  activity  and  this  in  turn,  sets  that  stage 
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for  autoimmunity.   The  defect  in  autologous  interactions  uncovered  during 
the  course  of  these  studies  suggests  a  mechanism  through  which  the  T  cell 
defect  is  brought  about.   In  this  regard,  it  is  possible  that  the  autologous 
interactions  are  constantly  occurring  ill  vivo  and  this  sets  a  "tonic" 
level  of  suppressor  T  cell  activity;  in  the  absence  of  such  interaction 
suppressor  T  cell  activity  is  depressed. 

Proposed  Course:   Several  avenues  of  research  are  opened  by  the  studies 
described.   In  the  first  place  it  is  important  to  more  directly  relate 
the  autologous  MLR  defect  with  defective  suppressor  T  cell  activity.   For 
this  reason,  PBC  T  cells  will  be  stimulated  by  autologous  cells  and  the 
resultant  cell  population  evaluated  for  suppressor  activity.   The  latter 
will  be  accomplished  in  two  ways:   1)  the  stimulated  cells  (presumably 
containing  suppressor  T  cells)  will  be  mixed  with  Indicator  cells  undergoing 
proliferation  as  a  result  of  allogeneic  stimulation  and  the  suppression 
of  such  proliferation  will  be  measured;  2)  the  stimulated  cells  will  be 
mixed  with  indicator  cells  undergoing  pokeweed  mitogen-driven  Ig  synthesis 
and  the  suppression  of  such  synthesis  will  be  determined. 

In  other  studies  the  nature  of  the  defect  in  autologous  interactions 
in  PBC  will  be  probed  by  studies  of  the  cells  types  involved  in  stimulation. 
In  this  regard,  it  has  been  shown  that  the  T  cells  are  stimulated  in 
autologous  interaction  by  macrophages  as  well  as  by  so-called  null  cells. 
There  is  some  evidence  that  each  of  these  cell  types  lead  to  the  stimulation 
of  different  T  cell  populations.   It  Is  therefore  possible  that  PBC  T 
cells  respond  differentially  in  macrophage-stimulated  autologous  mixed 
lymphocyte  reactions  and  null-cell  stimulated  autologous  mixed  lymhpocyte 
reaction.   This  hypothesis  will  be  tested  using  purified  stimulating  cell 
populatons . 

A  continuing  problem  in  the  study  of  autoimmune  disease  is  the 
question  of  whether  the  defect  Is  in  the  T  cell  compartment,  the  B  cell 
compartment  or  both  compartments.   In  prior  studies  of  polyclonally- 
induced  Ig  synthesis  no  evidence  of  a  B  cell  defect  in  PBC  was  found. 
However,  this  was  examined  using  allogeneic  cell  mixtures  which  might 
obscure  an  underlying  defect,  as  indicated  above.   Therefore,  we  plan  to 
evaluate  B  cell  function  in  PBC  by  examining  the  capacity  of  PBC  B  cells 
to  respond  to  B  cell  mitogens  or  to  respond  to  T  cell  dependent  mitogens 
(such  as  pokeweed  mitogen)  in  the  absence  of  T  cells,  but  in  the  presence 
of  suppressor  and  helper  factors  derived  from  T  cells.   In  related  studies 
we  will  evaluate  PBC  B  cells  for  pokeweed  mitogen-drive  Ig  synthetic 
capacity  by  using  syngeneic  normal  T  cells  obtained  from  unaffected  HLA- 
matched  siblings. 

As  a  new  departure  in  the  study  of  primary  biliary  cirrhosis,  we  will 
attempt  to  isolate  T  cells  from  liver  biopsies  of  patients  with  PBC  and 
then  to  grow  the  T  cells  isolated  in  continuous  culture  using  T  cell 
growth  factors  (interluken  2).   In  this  way  we  hope  to  obtain  representative 
T  cells  present  in  liver  lesions  in  primary  biliary  cirrhosis  so  as  to 
evaluate  the  functional  capability  of  the  T  cells  present.   In  this 
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regard,  we  will  evaluate  the  potential  of  local  T  cells  to  mediate  specific 
cytotoxic  reactions  against  various  liver  cell  targets  as  well  as  the 
capacity  of  such  cells  to  perform  immunoregulatory  functions  in  appropriate 
indicator  systems. 

The  cause  of  the  immunoregulatory  defect  in  PBC  is  presently  unclear. 
However,  it  is  likely  that  this  defect  plays  a  key  role  in  the  pathophysiology 
of  the  disease.   In  this  regard,  it  is  possible  that  decreased  suppressor  T  cell 
effects  may  lead  to  the  broad  autoimmune  response  observed  in  this  disease. 

(D)   STUDIES  OF  GLUTEN-SENSITIVE  ENTEROPATHY: 

Background:   Studies  directed  toward  understanding  the  pathogenesis 
and  treatment  of  gluten-sensitive  enteropathy  (GSE)  were  continued.   GSE 
is  a  disease  of  the  GI  tract  associatd  with  malabsorption,  villous  flattening, 
lymphocyte  infiltration  of  the  lamina  propria  and  an  increased  incidence 
of  neoplasia.   It  is  due  to  the  toxic  effect  of  wheat  proteins  (gliadin) 
on  the  gastrointestinal  mucosa.   In  previous  studies  we  observed  that 
approximately  80%  of  GSE  patients  bear  the  HLA-B8  histocompatibility 
antigen.   In  addition,  we  have  shown  that  circulating  B  cells,  but  not  T 
cells  of  patients  bear  a  surface  antigen  which  is  detected  with  antibodies 
found  in  mothers  of  patients  with  GSE.   Furthermore  in  family  studies  we 
have  found  that  this  "B  cell  antigen"  is  inherited  independently  of  the 
HLA  antigens  and  may  therefore  be  the  gene  product  of  a  no n-HLA- linked 
gene  necessary  for  the  occurrence  of  GSE. 

Findings:   For  a  variety  of  reasons  it  is  possible  that  GSE  is  due 
to  disordered  immune  response  to  gliadin  protein.   In  this  regard  it  is 
possible  that  GSE  results  from  a  genetically  determined  disorder  of  class- 
specific  antigenspecif ic  regulation  of  the  immune  responses.   To  substantiate 
this  possibility  we  have  developed  a  method  of  stimulating  cells  of 
patients  with  GSE  in  vitro  with  purified  gliaden  protein  fractions.   In 
this  method  the  cells  of  patients  are  placed  into  culture  with  gliaden 
protein  and  at  the  end  of  7  to  14  days  the  supernatants  are  examined 
with  a  solid  phase  assay  for  antigliaden  antibodies  which  utilizes  radiolabeled 
anti-immunoglobulins.   With  this  technique  the  activity  of  regulatory  T 
cells  specific  for  a  given  antigen  can  be  determined. 

In  other  studies  we  measured  levels  of  circulating  IgA  immune  complexes 
in  patients,  and  determined  that  approximately  50%  of  the  patients  had 
such  complexes,  particular  those  patients  with  active  disease  (on  a 
gluten  free  containing  diets).   Such  complexes  may  play  a  role  in  production 
of  autoimmunity  sometimes  associated  with  GSE. 
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Proposed  Course;   Using  this  newly  developed  technique  we  plan  to 
evaluate  immune  regulation  in  GSE.   The  initial  strategy  is  to  compare 
the  regulatory,  effects  of  T  cells  obtained  from  patients  with  T  cells 
obtained  from  normals  on  indicator  allogeneic  B  cells.   It  is  proposed 
that  patient  T  cells  will  contain  either  reduced  suppressor  T  cell 
populations  or  increased  helper  T  cell  populations  specific  for  the 
gliadin  antigen.   If  these  regulatory  T  cells  are  affected  by  in  vitro 
treatment  with  antibodies  having  specificity  for  various  B  cel~antigens 
than  it  may  be  possible  to  identify  the  mechanism  of  action  of  HLA  genes 
on  a  specific  pathologic  immune  response. 

(D)   DEVELOPMENT  OF  A  TECHNIQUE  FOR  MEASURING  HUMAN  ANTIGEN-SPECIFIC  ANTIBODY 
RESPONSES  IN  VITRO . 

Background :   Much  has  been  learned  in  recent  years  in  this  and  other 
laboratories  about  the  regulation  of  the  Immune  response  by  studying 
total  antibody  production  following  stimulation  in  vitro  by  polyclonal 
activators.   To  extend  this  work  and  to  more  closely  approximate  in  vivo 
conditions,  we  have  Initiated  studies  of  specific  antibody  production 
induced  by  antigen  in  vitro. 

Findings :   In  studies  of  antigen-induced  antibody  responses,  we  culture 
cells  for  7-10  days  and  then  analyze  supernatant  fluids  for  the  presence  of 
specific  antibody  with  an  ELISA  assay.   In  the  latter,  antigen  Is  coated 
to  the  surface  of  a  titering  well  followed  by  the  fluid  being  analyzed; 
antibody  reacting  with  the  antigen  does  so  at  this  point.   Next,  rabbit 
anti-Ig  is  added,  followed  by  a  reagent  reacting  with  rabbit  Ig  which  is 
complexed  with  alkaline  phosphatase.   Finally,  a  substrate  that  releases  a 
colored  substance  upon  interaction  with  alkaline  phosphatase  is  added. 
The  amount  of  color  obtained  is  quantitatively  related  to  the  amount  of 
antibody  present  in  the  "unknown"  fluid.   This  tehcnique  enables  us  to 
measure  class-specific  and  antigen-specific  antibody  and  is  sensitive 
down  to  3  ng/ml  of  antibody. 

In  an  Initial  application  of  this  technique  we  have  studied  a  group  of 
normal  volunteers  infected  with  a  temperature-sensitive  attenuated  influenza 
virus  developed  in  the  laboratory  of  Dr.  Brian  Murphy  (NIAID).   This 
virus  proliferates  in  the  upper  respiratory  tract  and  thus  stimulates 
the  mucosal/secretory  immune  system.   We  showed  that  6  days  following 
intra-nasal  inoculation  with  the  virus,  cells  were  found  in  the  circulation 
which  spontaneously  secreted  both  IgG-  and  IgA-anti-inf luenza  virus 
antibody  in_  vivo.   Stimulation  of  the  cells  with  PWM  did  not  enhance 
this  response.  When  the  peripheral  cells  were  studied  28  days  after 
inoculation  no  spontaneously  secreting  cells  were  found.   Instead,  "memory" 
cells  were  found  which  could  be  stimulated  with  PWM  to  produce  IgG-anti- 
influenza  virus  antibody.   Interestingly,  there  was  a  divergence  in  the 
IgG  and  IgA  response.   While  the  PWM  driven  IgG  anti-virus  response  at 
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day  28  was  greater  than  that  at  day  6,  the  IgA  response  was  markedly 
diminished.   This  may  represent  a  failure  to  produce  IgA-secreting  memory 
cells,  homing  of  IgA  cells  to  the  organs  of  the  secretory  immune  system, 
or  the  emergence  of  IgA-specific  suppressor  T  cells. 

Most  recently,  we  have  used  this  assay  system  to  show  that  peripheral 
mononuclear  cells  cultured  in  vitro  with  influenza  virus  will  produce  anti- 
influenza  virus  antibody.   This  represents  a  true  in  vitro  antigen-  induced, 
antigen-specific  immune  response:   cells  infected  with  A/HK  influenza  virus  make 
antibody  directed  against  A/HK  and  those  infected  with  B/HK  make  antibody 
to  B/HK  with  little  cross-reactive  antibody  produced.   The  magnitude  of 
this  response  is  comparable  to  the  anti-influenza  response  seen  with 
PVTM-driven  cultures,  and  all  isotypes  of  immunoglobulin  can  be  detected. 
Studies  are  underway  at  present  to  define  the  cellular  requirements  of 
the  response;  in  preliminary  studies  it  has  been  defined  that  allogeneic 
B  cells  and  T  cells  can  cooperate  to  produce  an  in  vitro  anti-influenza 
response. 

Proposed  Course:   In  vitro  induction  of  specific  antibody  synthesis 
is  expected  to  make  possible  many  studies  of  normal  and  pathologic  immune 
resonse.   Our  immediate  aim  is  to  define  the  cellular  requirements  of  the 
system.   We  next  hope  to  determine  the  relationship  between  helper  and 
suppressor  cells  in  the  induction  of  the  response;  for  this  purpose  we 
plan  to  purify  cell  population  with  the  use  of  antisera  specific  for 
helper  and  suppressor  T  cells.   Finally,  we  expect  to  study  several 
autoimmune  diseases  wherein  defective  immunoregulation  has  been  demonstrated 
in  polyclonal  systems;  among  these  diseases  are  Crohn's  disease,  primary 
biliary  cirrhosis  and  gluten-sensitive  enteropathy. 
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Objectives:   The  objectives  of  this  study  were  to  determine  mechanisms 
important  to  the  development  and  function  of  both  humoral  and  cellular 
immune  responses  in  man  and  animals;  to  determine  the  nature  of  the 
deficiency  in  immune  function  characterizing  such  disease  states  as  hypo- 
gammaglobulinemia, ataxia  telangiectasia,  the  Wiskott-Aldrich  syndrome, 
intestinal  lymphangiectasia,  and  advanced  malignancy;  and  to  develop 
approaches  to  prophylaxis  and/or  therapy  of  the  infections  and  neoplastic 
disease  frequently  associated  with  defective  immune  processes.   This  plan 
is  directly  related  to  Objective  2,  Approach  1  of  the  National  Cancer  Plan. 

Methods  Employed:   Antibody  responses  of  experimental  animals  and 
man  were  determined  after  immunization  with  a  variety  of  antigens  and  the 
antibodies  were  detected  by  standard  techniques  or  methods  developed  in 
our  laboratory.   Cellular  immune  responses  were  measured  by  delayed  hyper- 
sensitivity skin  testing,  testing  for  contact  sensitivity  to  dinitrochlorobenzene 
and  by  skin  allograft  rejection.   Proliferative  responses  in  vitro  were 
tested  using  nonspecific  mitogens,  specific  antigens,  and  allogeneic 
cells  in  mixed  lymphocyte  culture.   Immunoglobulin  secretion  by  activated 
lymphocytes  was  measured  by  a  newly  developed  reversed  hemolytic  plaque 
assay  and  this  test  was  applied  to  cultured  cells  stimulated  with  a 
variety  of  mitogens,  viruses,  and  chemical  agents.   Studies  of  the 
characteristics  of  various  cell  surface  receptors  on  immunocompetent 
lymphocytes  and  monocytes-macrophages  utilized  autoradiography,  immuno- 
fluorescence microscopy,  and  cellular  rosette  formation. 

Major  Findings:   The  interactions  between  immunocompetent  cells  and 
the  mechanisms  of  immunoregulation  have  been  a  major  interest  of  the  Cellular 
Immunology  Section  for  several  years  and  a  variety  of  techniques  and 
model  systems  have  been  developed  for  these  studies.   Recently  we  have 
developed  an  entirely  new  approach  to  the  investigation  of  B  cell  differentiation 
which  permits  the  precise  quantitation  of  the  numbers  of  lymphoid  cells 
secreting  each  class  of  immunoglobulin.   This  technique  called  the  reverse 
hemolytic  plaque  assay  has  been  employed  in  both  in_  vivo  and  in_  vitro 
studies  of  normals  and  patients  with  a  variety  of  immunodeficiency, 
autoimmune,  and  malignant  disorders. 

We  have  previously  reported  studies  in  which  the  reverse  hemolytic 
plaque  assay  was  used  to  study  the  activation  and  differentiation  of  the 
B  lymphocyte  series  in_  vitro .   The  reverse  plaque  assay  differs  from 
other  techniques  used  in  the  Branch  for  the  study  of  B  cell  differentiation 
in  that  it  detects  individual  cells  actively  secreting  immunoglobulin  at 
any  given  point  in  time.   Thus,  this  method  provides  an  important 
complementary  approach  to  the  radioimmunoassay  which  is  used  to  measure 
the  cumulative  immunoglobulin  molecules  secreted  into  the  culture 
supernatents .   Kinetic  studies  of  the  presence  of  immunoglobulin  secreting 
cells  in  cultures  of  blood  lymphocytes  stimulated  with  the  polyclonal 
mitogen,  pokeweed  mitogen,  showed  that  on  day  3  of  culture  an  exponential 
rise  in  the  number  of  immunoglobulin  secreting  cells  began  and  the  response 
peaked  at  4-6  days  of  culture.   This  pokeweed  mitogen  stimulated  response 
was  shown  to  be  dependent  upon  the  interaction  of  T  cells,  B  cells  and 
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macrophages  in  these  cultures .   Cells  from  patients  with  agammaglobulinemia 
fail  to  respond  with  immunoglobulin  production  in  culture.   Co-cultures  of 
normal  cells  with  cells  from  a  subset  of  patients  with  agammaglobulinemia 
resulted  in  a  strikingly  diminished  response  as  the  result  of  hyperactive 
suppressor  T  cells  present  in  the  blood  of  the  agammaglobulineraic  patients. 
The  kinetics  of  the  immunoglobulin  secreting  cell  appearance  in  these  co- 
cultures  showed  that  the  exponential  increase  in  secreting  cells  began 
normally,  but  the  response  was  aborted  abruptly  between  the  4th  and  5th 
days  of  culture.   Since  the  suppressor  cells  must  be  present  from  the 
initiation  of  the  culture,  these  observations  suggest  that  the  suppressor 
T  cells  act  at  an  early  stage  in  B  cell  differentiation,  but  that  their 
effect  does  not  become  apparent  until  after  the  B  cells  have  begun  to  divide 
and  differentiate  into  immunoglobulin  secreting  cells.   Still  another 
group  of  patients  with  agammaglobulinemia  were  found  to  produce  immunoglobulin 
normally  in  our  culture  system  despite  their  profound  defect  in_  vivo.   In 
some  of  these  patients  the  cultures  were  performed  in  fetal  calf  serum 
supplemented  media  and  when  the  patients  own  serum  was  added  to  the 
cultures  a  suppressed  response  was  observed.   Thus,  we  have  demonstrated 
that  a  subset  of  patients  with  agammaglobulinemia  have  a  circulating 
humoral  immunosuppressive  factor  which  may  account  for  their  profound 
immunodeficiency.   Present  studies  are  attempting  to  determine  the  nature 
of  the  defect  in  yet  other  patients  who  are  able  to  make  a  normal 
immunoglobulin  response  in  vitro  and  yet  have  profound  deficiency  in_  vivo • 

Utilizing  the  same  basic  culture  technique  developed  to  study  the 
immune  respone  in  patients  with  immune  deficiency  disease,  we  have  begun 
a  seris  of  studies  of  the  interactions  of  various  pharmacologic  and 
biologic  agents  with  immunocompetent  cells.   The  Epstein-Barr  virus  (EBV) 
is  the  etiologic  agent  of  acute  infectious  mononucleosis  in  man  and  has 
been  closely  associated  with  African  Burkitts  lymphoma,  nasopharyngeal 
carcinoma  and  rare  cases  of  agammaglobulinemia.   The  virus  is  unique 
among  human  pathogens  in  that  is  specifically  infects  cells  of  the  immune 
system,  the  3  lymphocytes,  and  transforms  these  B  cells  into  permanently 
growing  cell  lines  in  culture.   We  studied  the  effect  of  EBV  on  human 
peripheral  blood  lymphocytes  in  culture  utilizing  the  reverse  hemolytic 
plaque  assay.   EBV  added  to  lymphocytes  in  culture  induced  the  B  cells  to 
differentiate  into  cells  actively  secreting  each  class  of  immunoglobulin. 
Cell  separation  experiments  demonstrated  that  EBV  induced  activation  of  B 
cells  was  totally  independent  of  T  lymphocytes  In  contrast  to  pokeweed 
mitogen  which  is  dependent  on  T  cells  for  its  activation  of  B  cells. 
T  lymphocytes,  however,  may  exert  a  profound  regulatory  influence  on  EBV 
induced  B  cell  activation,  even  if  they  are  not  required  for  EBV  to  induce 
B  cells  to  differentiate  into  immunoglobulin  producing  cells.   This  T 
cell  regulatory  effect  is  seen  most  strikingly  in  patients  with  acute 
infectious  mononucleosis.   During  the  first  week  of  infection,  markedly 
elevated  numbers  of  Immunoglobulin  secreting  cells  were  found  in  the 
blood  of  these  patients  associated  with  acutely  elevated  serum  immunoglobulin 
levels.   These  increased  levels  of  immunoglobulin  secreting  cells  and  serum 
Immunoglobulins  probably  reflect  the  in  vivo  activation  of  B  cells  by  the 
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Epstein-3arr  virus.   After  about  one  week  of  this  illness,  the  lymphocytes 
from  patients  with  infectious  mononucleosis  were  found  to  be  unresponsive 
in  vitro  in  that  they  would  no  longer  differentiate  into  immunoglobulin 
secreting  cells  in  response  to  either  pokeweed  mitogen  or  exogenous  Epstein- 
Barr  virus .   Co-culture  experiments  showed  that  this  lack  of  response  was  due 
to  intense  suppressor  T  cell  activity  which  had  developed  in  these  patients. 
Following  the  appearance  of  these  suppressor  T  cells  the  number  of  immuno- 
globulin secreting  cells  in  the  blood  of  infectious  mononucloesis  patients 
fell  to  very  low  levels  and  returned  to  normal  only  after  the  suppressor  T 
cell  activity  had  disappeared  associated  with  clinical  recovery.   Thus  in 
this  disease  as  opposed  to  the  situation  seen  in  agammaglobulinemia  where 
suppressor  T  cells  may  lead  to  the  clinical  disorder,  suppressor  T  cells 
appear  to  serve  a  unique  role  in  host  defense  by  inhibiting  the  proliferation 
and  activation  of  the  target  cell  of  the  virus  and  thereby  limiting  virus 
propagation.   However,  we  have  also  studied  one  patient  with  agammaglobulinemia 
which  developed  following  a  documented  case  of  infectious  mononucleosis 
caused  by  Epstein-Barr  virus.   In  this  child,  very  intense  suppressor  T 
cell  activity  was  demonstrated  suggesting  that  the  physiologic  suppressor 
response  to  the  Epstein-Barr  virus  infection  in  this  child  was  itself  not 
normally  regulated,  and  thus  its  persistence  caused  permanent  agammaglobulinemia. 

The  persistance  of  the  EBV  genome  in  B  lymphocytes  from  persons  long 
since  recovered  from  infectious  mononucleosis  has  been  repeatedly 
demonstrated.   Thus  lymphoyctes  from  such  individuals,  when  placed  in 
tissue  culture  will  spontaneously  give  rise  to  continuous  B  cell  lines 
containing  EBV.   The  mechanism  which  prevents  this  B  cell  transformation 
from  occuring  in  vivo  has  been  difficult  to  define.   The  highly  activated 
suppressor  T  cells  which  can  be  demonstrated  in  infectious  mononucleosis 
are  not  demonstrable  in  recovered  patients.   However,  we  have  found  that 
normal  EBV  sero  positive  donors  have  another  type  of  suppressor  T  cell 
mechanism  which  becomes  activated  in  cultures  of  their  lymphocytes  exposed 
to  EBV.   This  suppressor  T  cell  exerts  its  regulatory  effect  after  7-10 
days  of  culture  and  then  totally  shuts  off  further  virus  induced  B  cell 
activation.   EBV  sero  negative  individuals  do  not  have  such  a  late  acting 
suppressor  T  cell  population.   Interestingly,  patients  with  rheumotoid 
arthritis,  a  disorder  in  which  intriguing  evidence  suggests  a  link  with 
EBV  infection,  lack  such  a  late  acting  suppressor  T  cell,  even  though 
they  have  anti-EBV  antibody  demonstrating  prior  exposure  and  partial 
immunity  to  this  viral  agent.   Studies  of  this  form  of  immunoregulatory 
T  cell  in  patients  who  develop  EBV  associated  malignancy  such  as  Burkitt's 
lymphoma  would  be  particularly  interesting  and  we  hope  to  pursue  such 
studies  in  the  near  future. 

A  genetic  restriction  of  the  interaction  between  cells  of  the  immune 
system  has  been  repeatedly  demonstrated  in  certain  systems,  while  cellular 
cooperation  in  other  immune  systems  occurs  readily  across  allogeneic  barriers. 
With  pokeweed  mitogen  as  a  stimulant  of  B  cell  differentiation  in  culture, 
T  cells,  B  cells,  and  macrophages  from  individuals  differing  in  genetic 
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makeup  can  cooperate  with  each  other  to  produce  a  normal  in  vitro  response. 
Thus  T  cells  obtained  from  one  subject  can  help  B  cells  from  another 
subject  to  produce  immunoglobulin  in  vitro.   Even  though  such  a  mixture 
of  allogeneic  cells  may  result  in  a  mixed  lymphocyte  reaction  occuring  in 
such  cultures,  such  a  mixed  lymphocyte  reaction  appears  to  have  no 
significant  consistent  effect  on  the  ultimate  response  of  the  B  cells  in 
such  culture.   Although  Epstein-Barr  virus  does  not  require  T  cells  for 
its  ability  to  activate  B  cells  to  produce  immunoglobulin,  we  have  observed 
that  the  presence  of  allogeneic  T  cells  in  such  cultures  has  a  profound 
effect  on  B  cell  differentiation  when  normal  T  cells  from  one  individual 
are  mixed  with  B  cells  from  another  and  the  co-culture  is  stimulated  with 
Epstein-Barr  virus.   In  a  majority  of  cases  such  cultures  fail  to  produce 
immunoglobulin.   If  the  allogeneic  T  cells  have  been  irradiated  with 
2000  R,  the  B  cells  are  capable  of  responding  and  producing  a  normal 
immunoglobulin  response  suggesting  that  in  the  allogeneic  co-culture  an 
active  process  of  suppression  is  occuring  which  prevents  the  EBV  induction 
of  B  cell  activation  while  at  the  same  time  having  no  significant  effect 
on  the  capacity  of  pokeweed  mitogen  to  induce  B  cell  activation.   In 
order  to  determine  whether  this  suppressor  effect  observed  in  allogeneic 
cultures  stimulated  with  EBV  was  related  to  antigens  encoded  by  the  major 
histocompatibility  complex  in  man,  family  studies  were  undertaken.   Such 
studies  demonstrated  that  when  family  members  shared  all  antigens  of  the 
major  histocompatibility  complex  no  suppressor  effect  was  observed  in  co- 
culture.   When  members  of  families  differed  at  antigens  in  the  major 
histocompatibility  complex  then  the  suppressor  effect  was  observed, 
demonstrating  that  this  genetic  restriction  was  linked  to  HLA  or  the 
major  histocompatibility  complex  of  man.   Further  studies  of  co-cultures 
between  B  cells  and  T  cells  of  individuals  differing  by  single  or  multiple 
antigens  in  the  HLA  complex  were  then  undertaken.   It  was  shown  that  the 
suppressor  reaction  that  occured  in  such  allogeneic  mixed  cultures  did 
not  occur  when  the  only  differences  in  such  culture  were  at  the  HLA-D  locus. 
Thus,  even  though  a  significant  mixed  lymphocyte  reaction  might  be  occuring 
in  culture  no  suppression  was  found  when  the  only  genetic  difference  was  at 
the  D  locus.   By  contrast  in  allogeneic  cell  mixes  in  which  D  locus  identity 
was  present,  but  in  which  significant  differences  occurred  at  the  A  or  B 
locus  antigens,  marked  suppression  of  the  EBV  response  was  seen.   Thus 
the  activation  of  suppressor  T  cells  effective  in  inhibiting  EBV  induced 
B  cell  activation  by  allogeneic  interactions  is  tightly  linked  to 
recognition  of  A  and  B  antigens  of  the  HLA  major  histocompatibility 
complex  in  man.   Studies  are  now  in  progress  to  use  this  observation 
of  allogeneic  suppression  as  a  tool  to  study  suppressor  mechanisms  in 
patients  who  may  have  disorders  of  immunoregulation.   For  example,  patients 
with  rheumatoid  arthritis  frequently  are  unable  to  generate  suppressor  T 
cells  effective  in  inhibiting  EBV  induced  B  cell  differentiation  even 
though  they  differ  from  the  responding  B  cell  population  at  all  HLA 
antigens. 
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The  Epstein-Barr  virus  has  been  widely  studied  in  laboratories  all 
over  the  world  and  a  number  of  different  strains  of  this  virus  have  become 
available.   All  of  our  previous  studies  have  utilized  the  B  95-8  strain 
of  EBV,  orginally  isolated  from  a  patient  with  acute  infectious  mononucleosis. 
As  we  have  mentioned,  B  95-8  strain  is  independent  of  the  effects  of  T 
cells  and  monocytes  for  its  capacity  to  activate  B  lymphocytes  to  produce 
immunoglobulin,  and  this  strain  also  transforms  B  lymphocytes  into 
permanently  growing  cell  lines.   The  P3HR-1  strain  of  EBV  was  originally 
isolated  from  a  patient  with  Burkitts  lymphoma.   This  strain  differs  from 
B  95-8  in  that  it  is  not  a  transforming  virus.   That  is,  this  virus  does 
not  induce  B  cells  to  develop  into  permanently  growing  cell  lines.   In 
studies  with  P3HR-1  virus  in  culture  it  was  found  that  this  virus  also 
induced  the  activation  of  B  lymphocytes  into  immunoglobulin  secreting 
cells.   This  demonstrates  that  the  capacity  of  the  virus  to  induce 
transformation  in  the  B  cells  is  not  a  requisite  for  that  virus  to  activate 
B  cells  to  become  immunoglobulin  secreting  cells.   Interestingly  when  T 
cells  and  B  cells  were  separated  into  individual  populations  and  then 
stimulated  with  P  3  HR-1  EBV,  the  B  cell  population  alone  would  not 
respond  with  the  production  of  immunoglobulin  secreting  cells.   Only  when 
T  cells  were  present  would  this  strain  of  Epstein-Barr  virus  activate 
B  lymphocytes  to  become  immunoglobulin  producing  cells.   A  third  strain 
of  Epstein-Barr  virus  named  Ag  876  was  also  found  to  require  the  presence  of 
normal  T  cells  in  order  for  it  to  activate  B  lymphocytes  to  produce  immuno- 
globlulin.   Interestingly,  this  virus  strain  would  induce  the  transformation 
of  B  lymphocytes  into  permanently  growing  cell  lines.   Thus,  the  capacity 
of  the  Epstein-3arr  virus  to  activate  B  lymphocytes  Is  independent  of  the 
capacity  of  this  virus  strain  to  transform  B  cells  into  permanent  lines 
and  the  activation  of  immunoglobulin  secreting  cells  by  the  virus  may  in 
certain  circumstances  require  the  presence  of  T  lymphocytes.   We  hope  to 
exploite  the  differences  observed  in  these  Epstein-Barr  virus  strains  to 
help  us  explore  in  greater  detail  the  interactions  between  virus  and 
immunocompetent  cells  and  the  effects  that  mutations  in  the  virus  may  have 
on  its  ultimate  biologic  activity. 

The  Epstein-Barr  virus  has  also  proved  to  be  a  useful  in_  vitro  probe 
for  the  study  of  the  development  of  Immune  competence  In  human  cells. 
The  human  newborn  has  been  repeatedly  demonstrated  to  have  deficient 
immune  responses.   We  studied  the  responses  of  human  cord  lymphocytes  in 
vitro  to  stimulation  with  the  polyclonal  mitogens,  pokeweed  mitogen,  and 
with  Epstein-Barr  virus.   Cord  blood  lymphocytes  produced  no  immunoglobulin 
In  response  to  pokeweed  mitogen,  in  marked  contrast  to  the  effects  of  this 
mitogen  on  adult  peripheral  blood  cells.   However,  cord  blood  lymphocytes 
were  capable  of  producing  immunoglobulin  when  stimulated  with  Epstein- 
Barr  virus.   Co-culture  experiments  with  mixes  of  cord  blood  and  adult 
lymphocytes  also  failed  to  respond  to  pokeweed  mitogen  demonstrating  that 
the  cord  blood  cells  have  a  suppressor  T  cell  population  which  prevents  the 
differentiation  of  B  cells.   This  suppressor  T  cell  present  In  cord  blood 
is  unlike  that  seen  in  patients  with  agammaglobulinemia  or  Infectious 
mononucleosis  in  that  It  does  not  inhibit  Epstein-Barr  virus  induced  B 
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cell  activation.   This  apparent  paradox  in  the  capacity  of  the  suppressor 
cell  to  inhibit  thymic  dependent  responses  while  having  no  suppressor 
activity  on  thymic  independent  B  cell  activation  was  resolved  by  the 
demonstration  that  double  mitogen  experiments,  that  is,  culture  stimulated 
with  both  pokeweed  mitogen  and  Epstein-Barr  virus,  also  had  deficient  B 
cell  responses  due  to  suppression.   Thus,  cord  blood  contains  a  population 
of  T  cells  that  are  activated  to  become  suppressor  cells  in  the  presence 
of  pokeweed  mitogen,  a  cell  population  quite  different  from  that  found  in 
adult  blood.   Another  unique  feature  of  cord  blood  lymphocytes  was  the 
restriction  in  their  capacity  to  produce  immunoglobulin  of  all  classes. 
When  cord  blood  cells  were  stimulated  with  Epstein-Barr  virus  or  when 
cord  blood  B  cells  were  stimulated  with  pokeweed  mitogen  in  the  presence 
of  adult  T  cell  helper  cells  only  IgM  was  produced  in  culture.   This 
defect  in  the  production  of  other  classes  of  immunoglobulin  was  shown  to 
reside  in  the  B  cells  of  the  neonate  since  newborn  T  cells  could  provide 
helper  activity  for  IgG,  IgA  and  IgM  when  mixed  with  adult  B  lymphocytes. 
Thus  the  human  newborn  differs  from  the  adult  in  at  least  two  major 
aspects  of  its  immunocompetent  cells.   First,  the  B  lymphocytes  from 
the  human  newborn  are  restricted  in  their  capacity  to  produce  immunoglobulin 
of  more  than  one  isotype.   Second,  the  human  newborn  possesses  a  population 
of  suppressor  T  cells  which  are  readily  activated  by  the  T  cell  dependent 
polyclonal  activator,  pokeweed  mitogen.   Studies  are  in  progress  to 
determine  what  factors  might  control  the  differentiation  of  B  lymphocytes 
in  the  neonate  and  thus  effect  its  capacity  to  produce  the  other  classes 
of  immunoglobulin.   Further,  we  hope  to  identify  the  nature  of  this  easily 
activated  suppressor  T  cell  in  the  human  neonate  and  to  determine  the 
potential  functional  significance  of  the  presence  of  such  a  cell. 

In  studies  of  the  suppressor  T  cells  present  in  certain  patients 
with  hypogammaglobulinemia,  it  has  been  observed  that  these  suppressor 
cells  are  sensitive  to  both  irradiation  and  to  hydrocortisone.   Thus 
steroids  or  irradiation  are  able  to  block  the  suppressor  activity  of  such 
cells.   During  the  course  of  these  experiments  we  observed  that  hydrocortisone 
alone  cultured  with  normal  lymphocytes  seemed  to  induce  immunoglobulin 
production  in  culture.   Human  peripheral  blood  lymphocytes  cultured  with 
hydrocortisone  or  many  of  its  analoges  including  dexamethasone,  prednisolone, 
and  methyprednisolone  were  found  to  produce  in  culture  as  many  Immunoglobulin 
secreting  cells  as  did  cultures  stimulated  with  pokeweed  mitogen.   Kinetic 
studies  showed  that  this  response  to  steroid  hormone  in  vitro  began  to 
appear  at  a  about  the  4th  day  and  peaked  somewhat  later  than  pokeweed 
mitogen  at  the  8th  to  the  10th  day  of  culture.   Other  steroid  hormones 
such  as  dyethylstilbesterol  and  testosterone  did  not  induce  the  activation 
of  B  cells  in  culture.   Aldosterone,  a  steroid  hormone  with  weak 
glucocorticoid  activity,  stimulated  B  cells  to  produce  immunoglobulin 
only  when  used  at  very  high  concentrations  in  vitro.   To  determine  whether 
those  hormones  which  bind  to  the  steroid  receptor  of  cells  were  capable 
of  this  stimulatory  activity  for  B  cell  differentiation,  two  stereoisomeric 
forms  of  hydrocortisone  were  studied.   Eleven  beta  Cortisol  is  an  active 
glucocorticoid  which  binds  to  the  glucocorticoid  receptor.   Its  stereoisomer 
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eleven  alpha  Cortisol  does  not  bind  to  the  glucocorticoid  receptor  and 
does  not  have  glucocorticoid  activity  in  vivo.   We  found  that  the  eleven 
beta  Cortisol  produced  a  marked  activation  of  B  lymphocytes  to  produce 
immunoglobulin  in  vitro  while  the  eleven  alpha  Cortisol  was  totally 
inactive  in  such  cultures.   Thus  steroid  hormones  with  the  capacity  to 
bind  cellular  glucocorticoid  receptors  appear  to  be  able  to  activate  B 
lymphocytes  to  produce  immunoglobulin.   In  order  to  determine  the  cellular 
basis  for  such  stimulation,  peripheral  blood  lymphocyte  populations  were 
separated  into  T  cells,  B  cells  and  monocytes.   The  glucocorticoids  were 
found  to  be  unable  to  stimulate  immunoglobulin  production  by  purified  B 
lymphocytes  alone.   Both  monocytes  and  T  lymphocytes  were  required  in  the 
cultures  for  glucocorticoids  to  have  their  stimulatory  activity  on  B 
lymphocytes.   Since  glucocorticoids  are  able  to  reverse  the  suppressor  T 
cell  activity  seen  in  certain  pathologic  conditions  and  also  appear  to  be 
able  to  reverse  normal  suppressor  T  cell  activity,  a  potetential  mechanism 
for  the  action  of  steroid  hormones  in  inducing  B  cell  activation  would 
be  the  inactivation  of  a  suppressor  cell  maintaining  such  B  lymphocytes 
in  an  inactive  state.   T  cells  irradiated  with  2000  R  to  inactivate  the 
radiosensitive  suppressor  T  cell  were  mixed  with  B  lymphocytes  in  culture. 
Such  cell  mixtures  produced  no  more  immunoglobulin  than  that  produced  by 
B  lymphocytes  alone.   However,  when  corticosteroids  were  added  to  such 
mixtures  a  marked  increase  in  immunoglobulin  production  was  observed. 
Thus  although  we  have  not  been  able  to  directly  demonstrate  the 
corticosteroids  are  not  simply  inactivating  a  suppressor  T  lymphocytes, 
other  procedures  which  inactivate  supressor  T  cells  do  not  result  in  the 
activation  of  immunoglobulin  production  by  B  cells  without  the  addition 
of  the  glucocorticoid  hormones.   These  results  provide  a  unique  model  for 
the  study  of  cellular  interaction  required  for  glucocorticoid  hormone 
effect  and  have  provided  us  with  yet  another  tool  for  the  study  of  B  cell 
differentiation  in  human  disease. 

IgE  is  the  immunoglobulin  molecule  in  man  which  is  responsible  for 
the  production  of  allergic  symptoms  in  a  variety  of  diseases.   This 
immunoglobulin  class  is  produced  in  very  small  concentrations  and  yet  has 
very  profound  biologic  activity.   We  have  studied  the  in  vitro  production 
of  IgE  with  a  recently  developed,  exceedingly  sensitive  radioimmunoassay. 
In  this  in  vitro  culture  system  the  production  of  IgE  differs  in  many 
major  respects  from  the  production  of  IgG,  IgA,  or  IgM.   Although  the 
major  classes  of  immunoglobulin  are  produced  In  culture  in  response  to  a 
wide  variety  of  both  thymic  dependent  and  thymic  independent  polyclonal 
activators  such  as  pokeweed  mitogen  or  Epstein-Barr  virus,  IgE  production 
Is  not  significantly  effected  by  any  of  these  mitogenic  agents.   Further 
we  have  been  unable  to  demonstrate  the  stimulation  of  IgE  production  with 
the  use  of  common  allergens  such  as  pollens  or  ragweed  antigen  E.   Thus 
we  have  been  unable  to  determine  the  features  important  in  the  immunoregulation 
and  control  of  IgE  synthesis  which  might  give  insight  to  allow  the  design 
of  more  appropriate  therapeutic  approaches  to  the  control  of  allergic 
disease.   Recently,  however,  we  have  observed  that  along  with  the  production 
of  the  other  major  classes  of  immunoglobulin,  IgE  synthesis  is  markedly 
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stimulated  by  the  presence  of  glucocorticoids  in  culture.   Steroids  stimu- 
lated in  culture  may  produce  a  10-20  fold  increase  in  the  production  of  IgE 
and  thus  this  observation  may  finally  allow  us  to  define  many  of  the  details 
of  the  immunoregulatory  control  of  the  production  of  IgE  in  man. 

A  particular  advantage  of  the  reverse  hemolytic  plaque  assay  which 
we  have  developed,  is  that  it  has  sufficient  sensitivity  to  allow  us  to 
detect  lymphocytes  which  are  actively  secreting  immunoglobulin  as  a  normal 
constituent  of  peripheral  blood.   In  normals,  blood  cells  secreting  IgG, 
IgA,  and  IgM  constitute  about  1/1000  of  all  lymphocytes.   Such  immunoglobulin 
secreting  cells  are  absent  or  severly  reduced  in  the  blood  of  patients 
with  agammaglobulinemia  while  patients  with  selective  IgA  deficiency  lack 
IgA  secreting  cells  with  IgG  and  IgM  secreting  cells  present  in  normal  numbers. 
In  a  series  of  24  patients  with  systemic  lupus  erythematosus,  cells 
secreting  IgG  and  IgA  were  found  to  be  remarkably  increased  in  frequency 
in  the  blood.   Patients  with  the  most  active  disease  had  up  to  100  fold 
increase  in  blood  cells  secreting  IgG,  while  treated  patients  with  inactive 
disease  had  normal  numbers  of  IgG  secreting  cells  in  their  blood.   We 
carried  out  an  extensive  evaluation  of  this  group  of  patients  including 
precise  clinical  staging  and  a  thorough  laboratory  evaluation  and  then 
determine  the  degree  of  correlation  between  disease  activity  and  the 
various  laboratory  parameter  studied.   The  extent  of  disease  activity  in 
these  patients  correlated  with  such  tests  as  the  erythrocyte  sedimentation 
rate,  serum  immunoglobulin  concentrations,  C3  complement  levels,  and  very 
highly  with  the  quantity  of  anti-DNA  antibody  in  the  serum  of  these  patients 
(P  <  10"^).   However,  of  all  the  tests  performed,  disease  activity 
correlated  most  significantly  (P  <  10"^)  with  the  number  of  IgG  secreting 
cells  in  the  peripheral  blood.   These  observations  have  proved  to  be  very 
useful  In  providing  a  reliable  objective  test  for  following  a  patients 
response  to  therapy  and  studies  are  now  underway  to  further  define  the 
nature  of  the  immunoregulatory  mechanisms  which  are  defective  in  this 
group  of  patients. 

The  reverse  hemolytic  plaque  assay  has  also  proved  to  be  very  useful 
in  the  study  of  the  immunoglobulin  secreting  cells  in  tissues  other  than 
the  blood.   In  one  series  of  studies  we  utilized  this  assay  to  determine 
the  tissue  distribution  of  immunoglobulin  secreting  cells  in  adult  chickens 
and  in  birds  during  development.   In  the  adult  chicken,  IgG  secreting 
cells  are  found  in  the  highest  frequency  in  the  bone  marrow  and  spleen, 
with  significantly  fewer  Ig  cells  in  the  lungs  and  lamina  propria  and 
intraepithelial  of  the  gut.   IgM  secreting  cells  were  also  present  in 
the  bone  marrow  and  spleen  and  present  to  a  lesser  extent  in  the  gastro- 
intestinal tract  and  lungs.   IgA  secreting  cells,  by  contrast-,  are  the 
predominant  class  of  immunoglobulin  secreting  cells  observed  in  the 
lungs  and  gastrointestinal  tract  with  very  few  such  cells  present  in  the 
spleen.   Calculations  of  the  total  contribution  of  each  organ  to  the  body 
mass  of  immunoglobulin  producing  cells  revealed  that  in  the  adult  chicken 
the  bone  marrow  has  over  10  times  as  many  immunoglobulin  producing  cells 
as  any  other  organ.   The  spleen,  gut,  lungs,  and  blood  follow  the  bone 
marrow  in  decreasing  order  as  sites  for  immunoglobulin  production. 
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During  early  development  in  the  post  hatching  period,  Ig  immunoglobulin 
secreting  cells  first  appear  in  the  Bursa  of  Fabricus.   By  5-7  days  only 
IgM  secreting  cells  are  found  outside  the  Bursa,  appearing  first  in  the 
bone  marrow.   By  10-14  days  of  age,  IgG  secreting  cells  are  detected  in 
the  bone  marrow  and  spleen  and  by  15-19  days  of  age  IgA  secreting  cells 
are  present  in  the  peripheral  lymphoid  tissues.   Bone  marrow,  spleen,  and 
gut  achieve  adult  levels  of  immunoglobulin  production  between  45  and  60 
days  of  age  whereas  the  lung  does  not  reach  adult  levels  until  after  90 
days  of  age.   These  studies  have  confirmed  observations  in  the  rodent  of 
the  sequential  appearance  of  different  immunoglobulin  classes  and  have 
provided  unexpected  evidence  for  the  predominant  role  of  the  bone  marrow 
as  a  site  for  immunoglobulin  production.   Further,  these  studies  have 
demonstrated  that  the  lung  is  a  major  site  of  immunogloblin  production  in 
the  adult  animal. 

The  lung  is  a  major  site  of  pathology  in  patients  with  immunodeficiency 
diseases,  autoimmunity  and  a  variety  of  other  disorders.   To  determine 
whether  in  man,  immunoglobulin  producing  cells  are  a  normal  constituent 
of  the  lungs,  the  cells  contained  in  pulmonary  lavage  fluids  obtained  by 
fiberoptic  bronchoscopy  were  evaluated  with  the  reverse  hemolytic  plaque 
assay.   In  bronchopulmonary  lavage  fluids  from  normal  subjects,  a 
significant  number  of  cells  secreting  IgA  and  IgG  were  found  to  be  present. 
IgM  and  IgE  secreting  cells  were  also  present  in  very  low  numbers  in 
normal  lung  lavage  fluids.   During  the  past  year,  we  have  extended  these 
studies  to  patients  with  a  variety  of  interstitial  lung  diseases, 
particularly  sarcoidosis  and  idiopathic  pulmonary  fibrosis  (IPF).   In  these 
disorders  a  profound  alteration  from  the  normal  pattern  of  pulmonary 
immunoglobulin  secreting  cells  was  found.   In  active  sarcoidosis  and  in 
patients  with  idiopathic  pulmonary  fibrosis,  IgG  secreting  cells  were 
increased  up  to  10,000  fold  over  that  observed  in  normal  lung  lavage 
fluids.   During  remission  of  these  diseases  the  number  of  IgG  secreting 
cells  fell  into  the  normal  range.   Again,  the  reverse  hemolytic  plaque 
assay  has  proved  to  be  the  most  accurate  laboratory  indicator  available 
to  predict  the  response  to  therapy  in  these  diseases.  With  systemic 
corticosteroid  therapy,  for  example,  the  pulmonary  manifestation  of 
sarcoidosis  often  clear  and  the  clinical  response  is  preceeded  by  a 
dramatic  fall  in  the  number  of  IgG  secreting  lymphocytes  in  the 
bronchopulmonary  lavage  fluid  of  these  patients.   By  contrast  in  those 
patients  who  failed  to  respond  clinically  to  steroid  therapy,  IgG  secreting 
cells  in  the  lung  lavage  fluids  do  not  fall  and  may  actually  increase  in  number. 
This  technique  has  provided  a  major  new  investigative  tool  for  the  study  of 
pulmonary  disease  and  has  already  given  important  insights  into  some  of 
the  pathogenetic  mechanisms  Involved  in  interstitial  lung  diseases. 

The  Wiskott-Aldrich  syndrome  is  a  primary  immunodeficiency  disease 
characterized  by  thrombocytopenia  with  recurrent  hemorrhage,  excema  of 
the  skin,  and  recurrent  infections  with  all  classes  of  micro-organisms. 
We  have  had  a  long  term  interest  in  this  disorder  and  have  defined  a 
great  many  defects  in  the  immune  system  of  such  patients.   Splenectomy 
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as  a  therapy  for  the  thrombocytopenia  in  this  disease  has  been  considered 

to  be  contraindicated  because  many  patients  treated  with  this 

procedure  have  died  within  a  few  weeks  of  surgery  because  of 

overwhelming  infection.   We  have  recently  completed  a  study  of  the  effects 

of  splenectomy  on  the  thrombocytopenia  in  this  disease  and  the  mechanisms 

involved  in  the  response  to  such  treatment.   Of  the  47  cases  of  the 

Wiskott-Aldrich  syndrome  seen  at  the  NIH,  17  have  been  treated  with 

splenectomy.   All  17  patients  had  a  normalization  of  their  platelet 

count  following  removal  of  the  spleen.   In  studies  of  the  survival  of  the 

patients  following  splenectomy,  it  was  found  that  patients  maintained  on 

prophylactic  antibiotics  following  the  procedure  had  done  exceptionally 

well  with  an  average  survival  of  greater  than  11  years  post  splenectomy. 

By  contrast,  patients  who  were  not  treated  with  prophylactic  antibiotics 

died  of  infection  within  a  few  months  of  surgery.   Thus  splenectomy 

combined  with  the  use  of  prophylactic  antibiotics  seems  to  provide  a 

useful  therapeutic  approach  to  the  problem  of  recurrent  hemorrhage  in 

patients  with  this  disease.   One  of  the  unique  features  of  the  thrombocytopenia 

in  the  Wiskott-Aldrich  syndrome  is  that  the  platelets  in  the  circulation 

of  these  patients  are  very  small  in  size.   This  micro-thrombocytopenia 

has  not  been  described  in  other  forms  of  thrombocytopenia  and  thus  appears 

to  be  unique  to  this  syndrome.   Interestingly,  following  splenectomy  of 

these  patients  when  their  platelet  count  returns  to  normal,  the  platelet 

size  also  returns  to  the  normal  range.   Thus,  the  platelet  abnormality 

in  the  Wiskott-Aldrich  syndrome  appears  to  reflect  an  extrinsic  process 

of  destruction  mediated  by  the  spleen  rather  than  reflecting  an  intrinsic 

abnormality  in  the  production  or  survival  of  platelets.   Most  recently 

in  an  attempt  to  define  potential  mechanisms  for  such  a  destructive 

process,  we  have  been  Investigating  the  possibility  that  the  platelets 

from  children  with  this  disease  might  be  effected  by  a  form  of  autoimmune 

process.   We  have  found  that  in  all  11  patients  studied  in  collaboration 

with  Dr.  Wendell  Ross  at  the  Duke  University  School  of  Medicine,  a  marked 

increase  in  the  concentration  of  platelet-bound  antibody  in  this  syndrome. 

We  are  in  the  process  of  determining  the  nature  of  this  platelet-bound 

antibody  and  Its  potential  effects  in  the  platelet  destruction  mediated 

by  the  spleen  in  these  children. 

Significance  to  Biomedical  Research: 

The  present  studies  extend  our  understanding  of  the  diverse,  yet  inter- 
related mechanisms  contributing  to  the  development  and  normal  functioning 
of  immune  system  in  animals  and  man.   They  indicate  that  the  normal 
expression  of  immune  function  is  dependent  on  multiple  processes  and 
that  defects  In  immunity  may  be  the  result  of  factors  influencing  a 
variety  of  these  processes.   For  example,  disfunction  of  the  immune 
system  can  occur  through  such  diverse  factors  as  defects  in  differentiation 
on  the  one  hand  or  through  the  mediation  of  exogenous  viral  pathogens  on 
the  other.   Thus  human  disease  may  result  from  a  deficiency  of  immune 
elements  as  in  certain  forms  of  agammaglobulinemia  or  from  an  excess  of 
certain  immune  functions  as  in  other  types  of  agammaglobulinemia  associated 
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with  excessive  suppressive  T  cell  activity.   Suppressor  T  cell  function 
may  be  part  of  a  normal  defense  mechanism  in  such  diseases  as  infectious 
mononucleosis  and  a  deficiency  of  normal  suppressor  T  cell  activity  may 
lead  to  the  expression  of  certain  autoimmune  diseases  such  as  rheumatoid 
arthritis  or  systemic  lupus  erythematosus.   In  other  disorders  such  as 
sarcoidosis  and  idiopathic  pulmonary  fibrosis,  the  recognition  of  immune 
elements  participating  in  the  pathogenesis  of  disease  is  just  appearing 
and  hopefully  these  insights  will  provide  for  new  approaches  to  the 
understanding  and  therapy  of  these  disorders. 

Proposed  Courses; 

Continue  the  studies  directed  toward  the  understanding  of  the  pathways 
involved  in  the  development  and  function  of  normal  immune  responses  and 
the  application  of  insights  gained  through  such  studies  for  the  development 
of  new  approaches  for  the  prevention  and  therapy  of  human  disease. 
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MSA  (multiplication  stimulating  activity)  has  been  found  to  be  elevated 
in  fetal  rat  serum.   The  MSA  Is  exclusively  bound  to  an  albumin  sized 
binding  protein.   In  fetal  rat  serum;  the  larger,  gammaglobulin  sized, 
growth  hormone  dependent  binding  protein  is  absent.   Experiments  utilizing 
anti-insulin  receptor  antibody  have  demonstrated  that  the  weak  insulin- 
like activity  of  MSA  (and  probably  other  somatomedins  in  rat  adipocytes) 
is  due  to  cross-reaction  of  MSA  iwth  the  insulin  receptor.   The  anti- 
insulin  receptor  Fab  blocked  the  stimulation  of  glucose  oxidation  by  MSA 
in  the  rat  adepocytes  while  only  minimally  inhibiting  binding  of  MSA  to 
its  own  receptor.   MSA  was  found  to  stimulate  proteoglycan  synthesis  as 
measured  by  -^S-sulfate  incorporation  in  swarm  rat  chondrosarcoma  chondrocytes 
in  monolayer  culture.   Surprisingly,  Insulin  also  stimulated  proteoglycan 
synthesis  at  physiologic  concentrations.   Experiments  with  anti-insulin 
receptor  antibody  demonstrated  that  insulin's  biological  effect  was 
mediated  via  the  insulin  receptor  rather  than  via  somatomedin  receptors. 
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Objectives:   The  understanding  of  normal  growth  may  be  a  prerequisite 
to  understanding  malignant  growth.   One  experimental  model  for  the  study 
of  normal  growth  is  the  growth  hormone  deficient  animal  following 
treatment  with  growth  hormone.   It  has  been  proposed  that  the  anabolic 
action  of  growth  hormone  is  mediated  by  a  second  hormone  called  somatomedin. 
The  object  of  the  project  is  to  purify  and  characterize  a  somatomedin, 
develope  in  vitro  tissue  culture  systems  responsive  to  somatomedin  and 
study  the  sequence  of  biochemical  events  accompanying  growth. 

Methods  Employed:   Somatomedin  (MSA  or  multiplication  stimulating 
activity)  is  being  purified  from  serum-free  medium  conditioned  by  a  rat 
liver  cell  line  (BRL-3A)  in  culture  using  ion  exchange  chromatography, 
gel  filtration,  preparative  disc,  gel  electrophoresis,  and  high  pressure 
liquid  chromatography.   Serum  starved  cells  in  tissue  culture  are  used  to 
study  the  mechanism  of  action  of  MSA  ■'•25j_^g^  ^s  utilized  to  study  cell 
surface  receptors  for  the  somatomedins.   -"S-sulfate  incorporation  into 
macromolecules  is  utilized  to  study  proteoglycan  synthesis  in  rat 
chondrosarcoma  cells  in  monolayer  culture.   Gel  chromatography  and  binding 
of  *-25j_msa  are  utilized  to  characterize  specific  serum  binding  proteins 
for  somatomedins.   Concentrations  of  MSA  and  other  somatomedins  in  blood  and 
tissue  are  measured  by  bioassay  (^H-thymidine  incorporation  into  DNA  in  chick 
embryo  fibroblasts)  competitive  binding  protein  assay,  and  radioimmunoassay. 

Major  Findings:   Following  our  recent  observation  that  MSA  is  found 
in  high  concentrations  in  fetal  rat  serum.   We  explored  the  nature  of  the 
circulating  form  of  MSA  In  fetal  rat  serum.   We  found  that  MSA  was  exclusively 
associated  with  a  binding  protein  slightly  smaller  than  albumin.   A  larger 
binding  protein  of  the  size  of  gammaglobulin  which  we  had  previously  described 
as  being  growth  hormone  dependent  in  the  young  rat,  was  completely  absent  in 
fetal  rat  serum.   The  size  of  fetal  MSA  binding  protein  is  the  same  as  the 
size  of  the  binding  protein  which  predominates  in  the  blood  of  the  growth 
hormone  deficient  rat.   The  binding  association  constant  of  the  fetal 
binding  protein  is  significantly  less  than  the  binding  association  constant 
of  the  growth  hormone  dependent,  gammaglobulin  sized  binding  protein.   We 
described  the  developmental  pattern  of  the  small  (fetal)  and  larger 
(growth  hormone  dependent)  binding  proteins  in  the  rat.   Following  birth 
MSA  levels  decline,  however  MSA  continues  to  be  associated  with  the 
smaller  binding  protein.   The  larger  growth  hormone  dependent  binding 
protein  gradually  appears  and  with  it  are  found  non-MSA  rat  somatomedins. 
As  MSA  declines  to  very  low  levels  (20-100  fold  less  than  fetal  levels) 
by  day  25  of  extrauterine  life,  other  somatomedins  increase  in  concentration 
and  are  found  associated  primarily  with  the  larger  binding  protein.   We 
also  observed  that  in  very  premature  human  infants  the  somatomedin  binding 
protein  was  entirely  the  smaller  albumin  sized  form;  the  gammaglobulin 
size,  growth  hormone  dependent  binding  protein  was  absent. 

High  pressure  liquid  chromatography  (HPLC)  has  been  employed  as  a  final 
step  in  the  purification  of  MSA  from  the  medium  conditioned  by  the  rat  liver 
cell  line-   The  most  satisfactory  conditions  were  found  to  be  a   trif loracetic 
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acid  aqueous  phase  with  a  acetonitrile  organic  phase.   The  HPLC  system  is 
superior  to  preparative  disc  gel  electrophoresis  with  respect  to  speed,  recovery, 
and  resolution. 

Although  it  has  been  assumed  that  the  weak  insulin-like  metabolic 
activity  of  the  somatomedins  is  due  to  the  ability  of  these  polypeptides 
to  interact  weakly  with  the  insulin  receptor,  direct  evidence  for  this 
proposal  was  obtained  in  a  collaborative  project  with  Drs.  King  and 
Kahn,  in  the  Diabetes  Branch,  NIAMDD.   Employing  an  Fab  fragment  of 
antibody  directed  against  the  insulin  receptor  and  found  in  the  blood  of 
a  rare  group  of  diabetics,  it  was  found  that  the  stimulation  of  glucose 
oxidation  in  rat  adipocytes  by  both  insulin  and  MSA  was  blocked.   The 
Fab  fragment  also  blocked  the  binding  of  insulin  to  an  insulin  receptor 
or  on  the  rat  adipocytes  but  did  not  block  the  binding  of  MSA  to  its 
receptor.   Thus  MSA  was  stimulating  glucose  oxidation  in  the  rat  adipocyte 
by  interaction  with  the  insulin  receptor.   Conversely,  in  human  skin 
fibroblasts  it  was  found  that  the  anti-insulin  receptor  Fab  did  not 
block  insulin  stimulated  DNA  synthesis  but  did  block  ^-^I-insulin 
binding  providing  evidence  that  insulin  does  not  stimulate  DNA  synthesis 
in  these  cells  by  interacting  with  an  insulin  receptor.   Interaction 
with  a  somatomedin  receptor  is  an  attractive  alternative. 

A  major  target  of  growth  hormone  action  in  vivo  is  epiphyseal 
cartilage  resulting  eventlally  in  linear  growth.   There  is  a  large  body 
of  experimental  evidence  supporting  the  proposal  that  this  anabolic 
action  of  growth  hormone  on  cartilage  tissue  is  mediated  by  somatomedin. 
Monolayer  cultures  of  chrondrocytes  derived  from  the  Swarm  rat  chondrosarcoma 
have  been  shown  to  produce  large  amounts  of  a  proteoglycan  that  has  been 
extensively  characterized.   It  was  of  interest  therefore  to  examine  the 
effect  of  MSA  on  proteoglycan  synthesis  in  these  chondrocytes  in  monolayer 
culture.   In  collaboration  with  Drs.   Stevens  and  Hascall  in  NIDR,  MSA 
was  found  to  stimulate  proteoglycan  synthesis  as  measured  by  "s-sulfate 
incorporation  into  macromolecules.   Surprisingly,  insulin  was  found  to 
be  considerably  more  potent  than  MSA  in  stimulating  -"S-sulfate  incorpor- 
ation and  significant  stimulation  occurred  at  physiologic  concentrations . 
By  contrast,  insulin  had  been  reported  to  be  considerably  less  potent 
than  somatomedins  In  stimulating  -"S-sulfate  incorporation  in  various 
preparations  of  normal  cartilage  tissue  or  in  chrondrocytes  derived  from 
normal  cartilage.   MSA  and  insulin  also  stimulated  the  incorporation  of 
other  radiolabelled  proteoglycan  precursors  such  as  amino  acids  or 
gluocoseamine.   There  was  also  a  net  accumulation  of  protein  uronic  acid 
and  hexoseamine  in  response  to  MSA  and  insulin. 

We  have  recently  identified  separate  receptors  for  insulin  and 
somatomedins  (insulin-like  growth  factor  or  IGF-I,  IGF-II  and  MSA)  on 
these  chondrocytes  In  monolayer  culture.   Although  the  somatomedins 
compete  weakly  for  insulin  binding,  insulin  does  not  compete  for  somatomedin 
binding  at  physiologic  concentrations.   In  collaboration  with  the  Diabetes 
Branch;  NIAMDD,  we  have  shown  that  anti-insulin  receptor  IgG  mimics 
insulin  action  In  the  chondocytes  just  as  the  anti-receptor  IgG  has  been 
shown  to  mimic  insulin  action  In  other  in  vitro  systems.   Also,  the  anti 
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insulin  receptor  Fab  completed  blocks  stimulation  of  35g-suifate  incorpora- 
tion.  These  findings  show  that  insulin  is  stimulating  -"S-incorporation 
via  interaction  with  the  insulin  receptor  rather  than  by  interaction 
with  a  somatomedin  receptor.   MSA,  IGF-I  and  IGF-II  are  probably  stimulating 
-"S-incorporation  via  interaction  with  their  own  receptors. 

Significance  to  Biomedical  Research:   The  findings  that  the  growth 
hormone  dependent  binding  protein  is  absent  in  fetal  serum  adds  to  other 
data  which  suggest  that  fetal  growth  is  not  under  growth  hormone  control. 
The  demonstration  that  the  weak  insulin-like  metabolic  activity  of  the 
somatomedins  is  blocked  by  an  antibody  to  the  insulin  receptor  is  the 
first  direct  evidence  that  the  insulin-like  biologic  responses  to  somatomedins 
do  indeed  result  from  interaction  with  the  insulin  receptor.   The  observation 
that  insulin  and  MSA  stimulate  proteoglycan  synthesis  in  the  rat  chondrosarcoma 
chondrocyte  provides  for  the  first  time  a  completely  defined  medium  in 
which  to  study  proteoglycan  synthesis  in  these  cells.   The  increased 
sensitivity  to  insulin  of  these  chondrosarcoma  cells  raises  questions 
about  the  relationship  of  this  property  to  the  transformed  state.   The 
chondrosarcoma  chondrocytes  provide  an  experimental  system  in  which  to 
examine  in  parallel  the  anabolic  responses  to  insulin  and  the  insulin-like 
growth  factors  or  somatomedins. 

Proposed  Course:   High  pressure  liquid  chromatography  will  be  utilized 
as  a  final  purification  step  in  the  isolation  of  MSA  in  sufficient 
quantities  for  amino  acid  sequencing.   The  purification  of  the  MSA  binding 
protein  from  mediam  conditioned  by  the  BRL-3A  cell  line  will  be  continued. 
The  chondrosarcoma  chondrcyte  system  will  be  utilized  to  examine  the 
introcellular  biochemical  events  following  stimulation  by  insulin  and 
MSA.   Fetal  rat  derived  cells  will  be  cultured  and  the  response  to  MSA  examined. 
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Objectives;   Exposure  to  infectious  agents  and  other  foreign  antigens 
elicits  biologic  response  phenomena  in  host  tissues  which  may  confer  protection 
to  the  host  organism  upon  subsequent  exposure  to  the  same  antigen(s).   These 
biologic  phenomena  are  termed  immune  responses  and  have  generally  been  divided 
into  two  major  types:  1)  cell-mediated  responses  which  require  the  immediate 
presence  of  immune  cells  for  their  effects  to  be  manifest,  and  2)  humoral 
responses  in  which  cells  elaborate  soluble  molecules  such  as  antibody  which 
may  exert  their  protective  effects  at  some  distance  from  the  immune  cells 
which  produce  them.   Studies  were  undertaken  to  investigate  the  biology  of 
cellular  and  humoral  immune  responsiveness  in  normal  individuals  and  in 
patients  with  a  variety  of  immunodeficiency  diseases  in  which  congenital  and 
acquired  defects  in  host  responsiveness  are  associated  with  an  increased 
incidence  of  infection  and  malignant  tumors.   Particular  emphasis  was  placed 
on  studying  the  mechanisms  underlying  perturbations  of  immune  function  in 
these  patients  which  might  account  for  their  increased  incidence  of  neoplasia. 

Methods  Employed:   Over  the  past  year,  special  emphasis  was  placed  on 
the  study  of  antigen-specific  cellular  and  humoral  immune  responses  by  human 
peripheral  blood  leukocytes  in  vitro.   Two  major  classes  of  immune  responses 
have  been  under  investigation:   1)  cell-mediated  cytotoxic  responses  by 
leukocytes  whose  development  is  thymus  dependent  (T-cells),  and  2)  humoral 
antibody  responses  produced  by  a  second  class  of  leukocytes,  (B-cells)  whose 
development  is  bone  marrow  dependent  and  requires  T-cells  for  full  maturation. 
Both  T-cell  and  B-cell  immune  responses  are  highly  dependent  on  monocytes 
which  are  a  third  type  of  mononuclear  leukocyte.   In  vivo,  these  cellular 
and  humoral  responses  normally  occur  concomitantly  in  a  highly  ordered  fashion 
with  multiple  cellular  interactions  occurring  among  sub-populations  of  T-cells, 
subpopulations  of  T-cells  with  B-cells  and  macrophages,  and  B-cells  with 
macrophages.   These  cellular  interactions  result  in  a  finely  regulated  response 
which  is  promptly  initiated  and  appropriately  terminated  following  antigenic 
exposure. 

A  major  component  of  host  responsiveness  to  a  variety  of  antigens  may 
take  the  form  of  tissue  destruction  (cytolysis)  whereby  antigen  bearing  cells 
are  lysed  and  eliminated.   Cells  capable  of  directly  mediating  such  cytolytic 
events  are  termed  cytotoxic  effector  cells.   Although  we  have  demonstrated 
that  several  types  of  leukocytes  can  function  as  cytotoxic  killer  cells,  we 
have  recently  focused  our  attention  on  cytotoxic  T-cells  which  possess  specific 
cell  surface  receptors  for  antigens  expressed  on  those  cells  which  undergo 
lytic  events  (target  cells).   Cytotoxic  immune  T-cells  are  undetectable  in 
the  peripheral  blood  of  non-immunized  individuals.   Human  cytotoxic  T- 
lymphocytes  (CTL)  with  receptor  specificities  for  surface  antigens  present  on 
the  cells  of  unrelated  individuals  may  be  generated  during  seven  days  of  in 
vitro  culture  in  which  density  gradient  centrifugation  prepared  responder 
peripheral  blood  mononuclear  leukocytes  are  immunized  by  co-culture  with 
monoclear  leukocytes  from  a  non-related  individual  whose  proliferative 
capacity  has  been  inhibited  by  irradiation.   In  such  cultures,  responder  CTL 
precursors  proliferate  and  mature  into  cytotoxic  effectors  whose  lytic  activity 
is  measured  by  a  6  hour  radioisotopic  release  assay  employing  ^Cr  labelled 
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target  cells  from  the  stimulating  cell  donor.   These  immune  CTL  recognize  a 
series  of  target  cell  surface  molecules  termed  transplantation  or  histo- 
compatibility antigens,  which  differ  among  individuals  of  the  same  species 
(alloantigens)  and  these  cytotoxic  effectors  are  therefore  termed  allo- 
immune  CTL.   Alloimmune  CTL  probably  play  a  major  role  in  the  host  rejection 
of  histoincompatible  allografts  such  as  that  occurring  in  kidney  or  heart 
transplantation  and  also  in  graft  versus  host  disease  in  which  an 
jmmuno incompetent  host  receives  a  graft  of  immunocompetent  T-cells  and  the 
donor  graft  attacks  host  tissues. 

Immune  CTL  have  also  been  produced  with  receptor  specificities  for 
various  chemical  and  viral  antigens.   Studies  have  demonstrated  that 
individuals  immunized  either  in  vivo  or  in  vitro  with  chemical  haptens  or  viral 
antigens  produce  CTL  which  will  lyse  homologous  antigen  bearing  autologous 
(self)  target  cells  but  will  lyse  antigen  bearing  target  cells  from  other 
individuals  only  when  the  immune  CTL  and  the  target  cell  share  genetically 
determined  histocompatibility  antigens.   The  relevant  histocompatibility 
antigens  which  must  be  shared  between  targets  and  immune  CTL  are  those 
encoded  by  a  genetic  locus  termed  the  major  histocompatibility  complex  (MHC) 
which  in  humans  codes  for  the  human  leukocyte  antigens  (HLA)  A,  B,  C,  DR,  and  D. 

These  cytotoxic  T-cells  with  receptor  specificities  for  foreign  antigen 
plus  autologous  MHC  antigens  are  termed  self-MHC  restricted  CTL.   Evidence 
from  studies  in  experimental  animals  has  suggested  that  self-MHC  restricted 
CTL  play  a  major  in  vivo  role  in  the  recovery  from  virus  infections,  immunologic 
surveillance  against  neoplasia,  and  deleterious  autoimmune  phenomena.   In 
humans  we  have  produced  CTL  with  receptor  specificities  for  chemical  haptens 
(trinitrophenol-TNP)  and  autologous  MHC  antigens  in  vitro  by  seven  days 
primary  immunization  of  responder  peripheral  blood  mononuclear  leukocytes 
with  hapten  modified  autologous  leukocytes,  followed  by  five  additional  days 
of  secondary  in  vitro  stimulation  with  fresh  or  cryopreserved  autologous 
haptenated  leukocytes.   Lytic  T-cell  activity  is  detected  by  a  6  hour 
radioisotope  release  assay  employing  ^1-Cr  labelled  TNP-modified  target 
cells.   Human  CTL  with  specificities  for  viral  antigens  and  self  MHC  gene 
products  are  produced  in_  vitro  by  culturing  responder  peripheral  blood  mono- 
nuclear leukocytes  with  infectious  allantoic  fluid  containing  influenza 
A/Hong  Kong  virus  or  irradiated  influenze  virus  infected  autologous  leukocytes 
for  seven  days.   Such  cultures  proliferate  and  generate  CT1  whose  lytic 
activity  is  tested  on  autologous  virus  infected  targets  in  a  short  term  ^Cr 
release  assay. 

The  second  major  area  of  emphasis  centered  on  the  assessment  of  humoral 
immune  function  by  human  peripheral  leukocytes  in  vitro.   In  these  studies  we 
concentrated  on  measuring  specific  humoral  antibody  production  by  B-lymphocytes . 
The  presence  of  specific  antibody  In  biological  fluids  can  be  detected  by  a 
variety  of  methods  including  agglutination  with  particulate  antigens,  hemolysis 
employing  antigen  coated  erythrocytes  and  radioimmunoassays.   Each  of  these 
methods  offers  differing  levels  of  sensitivity  in  detecting  specific  antibody. 
Recently,  a  very  sensitive  technique  for  measuring  specific  antibodies  in  the 
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nanogram  to  picogram  per  milliter  range  has  been  described  which  involves  the 
detection  of  antigen  bound  immunoglobulin  thru  an  enzyme-conjugated  second 
antibody  directed  against  the  bound  first  antibody.   This  technique  has  been 
termed  the  Enzyme  Linked  Immunosorbent  Assay  (ELISA) .   In  a  usual  assay, 
antigen  (i.e.  virus)  is  first  allowed  to  bind  nonspecifically  in  the  wells  of 
a  multiwell  plastic  plate  and  non-bound  antigen  is  washed  away.   A  source  of 
putative  antibody  (human  serum  or  in  vitro  human  leukocyte  culture  supernatant) 
against  the  bound  antigen  is  then  added,  incubated,  and  non-bound  antibody  is 
washed  away.   Next,  an  enzyme  (alkaline  phosphatase)conjugated  heterologous 
(rabbit)  antibody  directed  against  human  antibody  is  added,  incubated, 
and  unbound  conjugated  antibody  is  washed  away.   Finally,  enzyme  substrate 
(paranitrophenolphosphate-PNPP)  is  added,  incubated,  and  the  conversion  of 
colorless  PNPP  to  yellow  paranitrophenol  (PNP)  product  is  measured  in  a 
spectrophotometer.   The  amount  of  substrate  PNPP  converted  to  product  PNP  is 
related  to  the  amount  of  enzyme  conjugated  antibody  bound  which  in  turn  is  pro- 
portional to  the  amount  of  human  anti-virus  antibody  bound  to  the  Immobilized 
antigen.   Such  an  ELISA  employing  purified  whole  influenza  virus  as  the  antigen 
was  chosen  for  the  measurement  of  human  specific  antibody  production  in_  vitro. 
The  ELISA  which  has  been  developed  Is  rapid,  sensitive  and  antigen  specific. 
To  assess  specific  anti-virus  antibody  production  in_  vitro  by  human  B 
lymphocytes  peripheral  blood  mononuclear  leukocytes  are  first  washed  extensively 
with  tissue  culture  media  to  remove  residual  traces  of  serum  antibody  adherent 
to  the  cells.   Then,  mononuclear  leukocytes  or  purified  subpopulations  of  these 
leukocytes  (T-cells,  B-cells)  are  cultured  in  vitro  with  infectious  allantoic 
fluid  containing  the  antigenically  distinct  influenza  viruses  A/Hong  Kong 
(A/Hong  Kong/8/68-X-31  [H3N2])  or  B/Hong  Kong  (B/Hong  Kong/8/73).  After 
twelve  days  of  in  vitro  culture,  cumulative  secretion  of  anti  influenza  A  or 
anti-influenza  B- virus  antibody  into  culture  supernatants  is  detected  by  ELISA. 

Major  Findings:   Cytotoxic  T-cell  Responses  by  Human  Peripheral  Blood 
Leukocytes  in  vitro:   Studies  were  continued  to  define  the  cellular  requirements 
for  the  in  vitro  generation  of  alloimmune  and  self-MHC  restricted  CTL,  and 
the  potential  of  cells  from  patients  with  immunodeficiency  diseases  to  produce 
self-MHC  restricted  CTL.   Previously,  we  had  demonstrated  that  highly  purified 
human  T-cells  were  necessary  and  sufficient  as  responders  in  the  production 
of  alloimmune  and  self-MHC  restricted  CTL  when  stimulated  with  irradiated 
allogeneic  leukocytes  and  irradiated  virus  infected  autologous  leukocytes, 
respectively.   Additional  studies  were  undertaken  to  define  the  requirement 
for  monocytes  in  both  cytotoxic  systems.   Peripheral  blood  mononuclear 
leukocytes  containing  T-cells,  B-cells  and  monocytes  were  rigorously  depleted 
of  monocytes  by  sequential  removal  of  cells  capable  of  ingesting  particulate 
iron  and  then  cells  possessing  receptors  for  the  chrystalyzable  fragment  (Fc) 
of  immunoglobulin  G.   Such  monocyte-depleted  lymphocytes  did  not  generate 
self  MHC  restricted  CTL  when  influenza  virus  itself  was  added  to  these  cultures 
but  could  generate  virus  specific  CTL  when  mixed  with  irradiated  adherent 
monocytes  which  themselves  did  not  contain  CTL  precursors .   Thus  the  in  vitro 
generation  of  virus-specific  self  MHC  restricted  CTL  was  shown  to  be  dependent 
on  both  T-cells  and  monocytes .  When  responder  cells  for  the  generation  of 
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alloimmune  CTL  were  equally  rigorously  monocyte-depleted,  the  generation  of 
CTL  was  diminished  but  not  abolished.   However,  when  both  responder  and  the 
irradiated  stimulator  cells  were  monocyte-depleted  no  CTL  were  produced.   The 
addition  of  irradiated  adherent  monocytes  from  either  the  responder  or  the 
stimulator  individual  restored  the  response  even  though  neither  population  of 
monocytes  contained  CTL  precursors.   Thus  the  generation  of  human  alloimmune 
CTL  in  mixed  leukocyte  cultures  was  dependent  on  monocyte  function  in  the 
responder  cells  only  when  the  irradiated  stimulator  population  was  monocyte- 
depleted.   Since  mixed  leukocyte  cultures  and  the  generation  of  alloimmune 
CTL  are  routinely  used  for  the  assessment  of  immunocompetence  in  many  patient 
studies,  this  observation  is  critical  to  the  interpretation  of  these  results. 
Monocyte  defects  within  the  responder  cell  population  may  only  be  observed 
when  a  stimulator  cell  population  of  peripheral  blood  leukocytes  is  devoid 
of  monocytes.   On  the  other  hand,  when  virus  immune  CTL  are  produced  by  the 
direct  addition  of  virus  to  peripheral  blood  mononuclear  leukocytes,  the 
absence  of  CTL  production  can  result  from  T-cell  and/or  monocyte 
defects  in  the  responder  cell  population. 

The  remainder  of  our  studies  of  cytotoxic  T-cell  function  focused 
on  examining  the  capacity  of  peripheral  blood  leukocytes  from  immuno- 
deficiency disease  patients  to  produce  antigen-specific  self-MHC  restricted 
CTL.   Given  the  observation  that  these  CTL  are  restricted  to  recognize  antigen 
and  self-MHC  gene  products,  one  might  ask  how  these  receptor  specificities 
are  acquired?   Studies  of  the  cellular  maturation  processes  and  cell-cell 
interactions  required  for  the  production  of  virus-specific  self-MHC  restricted 
CTL  in  experimental  animals  have  suggested  the  following  scheme:   1)  bone 
marrow  stem  cells  differentiating  into  T-cells  within  the  thymus  develop 
receptor  specificities  for  those  MHC  gene  products  expressed  on  the  epithelium 
of  the  thymus  prior  to  antigenic  exposure,  2)  these  receptor  specificities 
which  then  constitute  the  repertoire  of  MHC  gene  products  considered  as  self 
are  stable  in  the  peripheral  post  thymic  T-cell  population,  3)  T-cells 
expressing  receptor  specificities  for  foreign  antigens  plus  self-MHC  gene 
products  are  then  selected  from  this  peripheral  Tcell  pool  when  antigen  is 
encountered  in  association  with  irradiation  resistant  lymphoreticular  cells 
(?  monocytes),  and  4)  the  maturation  of  such  antigen-specific  self  restricted 
CTL  requires  an  interaction  with  a  separate  class  of  T-cells  termed  helper 
cells  and  may  be  negatively  regulated  by  another  T-cell  subset  termed 
T-suppressor  cells. 

Since  results  in  experimental  animals  suggested  that  self-MHC  restricted 
CTL  play  a  major  role  in  the  recovery  from  viral  infections  and  the  lysis  of 
autologous  tumor  cells,  studies  were  undertaken  to  assess  virus-specific  self- 
HLA  restricted  responses  in  patients  with  immunodeficiency  diseases  who  have 
frequent  infections  and  an  increased  incidence  of  neoplasia.   One  such 
immunodeficiency  disease  is  termed  common  variable  hypogammaglobulinemia. 
These  patients  have  low  levels  of  antibodies  (gammaglobulins)  in  their  serum 
and  fail  to  make  specific  antibodies  following  in  vivo  antigenic  challenge. 
In  contrast  to  this  observed  functional  B-cell  defect,  the  patients  exhibit 
a  variable  pattern  of  T-cell  immunocompeteuce.   Of  eleven  common  variable 
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hypogammaglobulinemia  individuals  studied  thus  far,  the  peripheral  blood 
mononuclear  leukocytes  of  nine  patients  have  produced  influenza  virus-immune 
CTL  capable  of  lysing  autologous  virus-infected  target  cells.  Since  the 
assay  system  employs  virus  immune  CTL  tested  on  infected  autologous  target 
cells,  negative  results  could  be  caused  by  either  defective  CTL  generation 
and/or  target  cells  which  did  not  express  the  relevent  antigenic  structures 
(HLA  antigens,  virus  antigens)  recognized  by  immune  effecotrs.   In  the  two 
patients  in  which  virus-immune  CTL  for  autologous  targets  were  not  detected, 
this  lack  of  responsiveness  was  shown  to  be  a  defect  in  effector  CTL  generation 
since  virus-infected  target  cells  from  both  individuals  were  lysed  by  HLA 
compatible  immune  CTL  from  normal  donors.  Moreover,  this  deficiency  within 
the  effector  cell  population  was  not  simply  attributable  to  the  lack  of  T- 
cells  since  both  patients  possessed  normal  proportions  of  T-cells  within 
their  cultured  peripheral  blood  mononuclear  leukocytes.   Thus  the  majority  of 
patients  with  common  variable  hypogammaglobulinemia  possessed  leukocytes  capable 
of  generating  virus-immune,  HLA  restricted  CTL;  an  experimental  finding  in 
accord  with  clinical  observations  that  these  patients  are  predominantly 
troubled  by  recurrent  bacterial  rather  than  viral  infections. 

Another  human  immunodeficiency  disease  studied  for  virus-specific  CTL 
production  in  vitro  was  ataxia-telangiectasia.   This  disease  is  an  autosomal 
recessive  disorder  characterized  by  progressive  spinocerebellar  degeneration 
leading  to  a  clumsy  gait  (ataxia),  oculocotaneous  dilated  blood  vessels 
(telangiectasia),  recurrent  infectious,  and  a  high  incidence  of  neoplasia. 
Histopathologic  examination  of  the  thymus  gland  from  ataxia-telangiectasia 
patients  reveals  a  thymus  which  if  fetal  in  appearance  and  almost  totally 
devoid  of  epithelial  elements.   Since  the  aforementioned  studies  of  the 
development  of  virus-immune  CTL  in  experimental  animals  suggested  a  critical 
role  for  the  thymic  epithelium  in  the  maturation  of  self-MHC  receptor 
specificities  on  CTL  precursors,  we  were  particularly  interested  in  whether 
cells  from  ataxia  telangiectasia  patients  could  produce  antigen-specific 
self-HLA  restricted  CTL.   Of  the  ten  ataxia  telangiectasia  patients  studied 
thus  far,  the  mononuclear  leukocytes  nine  have  failed  to  produce  significant 
lysis  on  autologous  virus  infected  target  cells.   In  five  of  these  nine 
patients,  this  lack  of  CTL  function  was  shown  to  be  a  defect  in  effector  CTL 
production  since  virus-infected  patients'  cells  weve  lysed  by  normal  HLA-related 
immune  CTL.   This  defect  was  not  readily  attributable  to  lack  of  T-cells 
within  the  responder  leukocytes  since  the  proportion  of  T-cells  among  the 
patient's  cultured  leukocytes  was  not  significantly  different  than  normal. 
Additional  studies  were  therefore  undertaken  to  investigate  the  mechanism  of 
this  nonresponsiveness  in  ataxia-telangiectasia  patients.   The  serum  of 
nearly  all  ataxia-telangiectasia  patients  contains  elevated  levels  of  alpha- 
fetoprotein,  a  fetal  protein  not  normally  found  in  adult  seru.   Since 
immunosuppressive  effects  have  been  ascribed  to  alpha-fetoprotein,  we 
considered  the  possibility  that  the  non-responsiveness  of  these  patients 
might  be  due  to  serum  inhibitory  effects.  Therefore,  normal  peripheral 
blood  mononuclear  leukocytes  were  cultured  with  virus  in  the  presence  of  5% 
normal  pooled  plasma  (usual  culture  conditions),  or  5%  pooled  plasma  from 
ataxia-telangiectasia  patients  with  elevated  alpha-fetoprotein  levels. 
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We  found  that  normal  cells  generated  the  same  virus-immune  CTL  activity 
in  plasma  from  ataxia-telangiectasia  patients  as  in  normal  plasma.   Thus 
ataxia-telangiectasia  plasma  did  not  appear  to  exent  marked  immunosuppressive 
effects  on  normal  cells  and  the  non-responsiveness  of  patient's  leukocytes 
was  not  easily  attributable  to  plasma  inhibitory  effects.   An  additional 
mechanism  which  might  account  for  the  non-responsiveness  of  ataxia- 
telangiectasia  leukocytes  is  the  presence  of  excessive  cell-mediated  immuno- 
suppression.  In  order  to  evaluate  the  potential  of  excessive  suppressor 
cell  activity,  coculture  experiments  were  undertaken  in  which  cells  from 
one  ataxia-telangiectasia  patient  which  did  not  produce  virus  immune  CTL 
were  mixed  in  an  equal  proportion  with  cells  from  an  MHC  identical  normal 
sibling  which  were  capable  of  producing  virus-immune  CTL.   Such  MHC-matched 
patient-sibling  combinations  are  required  for  these  experiments  to  avoid  the 
generation  of  alloimmune  CTL.   If  excessive  cellular  suppression  was  responsible 
for  the  non-responsiveness  in  the  patient  then  this  suppression  might  be 
expected  to  reduce  the  CTL  activity  generated  by  the  sibling's  cells.   This 
experiment  demonstrated  that  the  MHC  matched  sibling's  cells  generated  the 
same  CTL  activity  whether  or  not  they  were  co-cultured  with  the  patient's 
cells.   Thus  in  this  one  available  patient-sibling  combination,  excessive 
cellular  suppression  did  not  appear  to  be  the  mechanism  whereby  leukocytes 
from  the  patient  failed  to  generate  self-MHC  restricted  CTL.   The  mechanism 
of  this  lack  of  responsiveness  to  viruses  in  association  with  self-HLA  antigens 
in  patients  with  ataxia-telangiectasia  is  still  under  investigation.   Defective 
monocyte  and/or  T-helper  cell  functions  remain  to  be  tested.   However,  this 
unresponsiveness  to  viruses  and  self-MHC  antigens  may  play  a  role  in  these 
patients  undue  susceptability  to  recurrent  infections  and  neoplasia. 

The  third  immunodeficiency  disease  studied  for  virus-immune  self-MHC 
restricted  CTL  production  in  vitro  is  the  Wiskott-Aldrich  Syndrome.   The 
Wiskott-Aldrich  Syndrome  is  a  sex-linked  recessive  disorder  characterized  by 
low  peripheral  blood  platelet  counts  (thrombocytopenia)  recurrent  infections, 
a  skin  condition  termed  eczema,  and  an  increased  frequency  of  malignant 
neoplasms.   Common  viral  infectious  such  as  chickenpox  may  be  life-threatening 
in  these  patients  and  in  one  case  neoplasia  was  associated  with  persistent 
urinary  excretion  of  a  papova  virus  and  the  same  virus  was  isolated  from  the 
patient's  tumor.   In  seven  Wiskott-Aldrich  Syndrome  patients  studied  thus 
far,  the  peripheral  blood  leukocytes  of  six  failed  to  lyse  influenza  virus- 
infected,  autologous  target  cells.   The  one  patient  who  responded  produced 
only  minimal  CTL  activity  which  was  greater  than  16  fold  less  than 
simultaneously  assayed  normal  controls.   In  all  six  patients  not  manifesting 
CTL  activity,  this  defect  was  attributable  to  deficient  production  of  immune 
CTL  effectors  since  the  virally  infected  patients'  target  cells  were  lysed 
by  virus  Immune  CTL  from  normal,  HLA-related  individuals.   To  investigate 
whether  this  defect  in  the  production  of  immune  CTL  in  the  Wiskott-Aldrich  • 
Syndrome  is  limited  to  viruses,  experiments  have  been  initiated  to  investigate 
the  capacity  of  patient's  cells  to  mediate  TNPspecific  cytotoxicity.   One 
patient  studied  thus  far  also  lacked  peripheral  blood  leukocytes  mediating 
TNP  specific  cytotoxicity.   This  non-responsiveness  was  attributable  to 
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defective  CTL  effector  production  since  the  patient's  TNP  modified  target 
cells  were  lysed  by  TNP-immune,  HLA-related  normal  CTL.   Thus  patients  with 
the  Wiskott-Aldrich  syndrome  are  deficient  in  their  ability  to  produce  immune 
cytotoxic  T-lymphocytes  in  vitro. 

Recently,  immunohematologic  normalization  has  been  reported  In  patients 
with  the  Wiskott-Aldrich  Syndrome  following  bone  marrow  ablative  therapy  and 
transplantation  of  bone  marrow  from  MHC  identical  siblings.   One  patient 
whose  cells  lacked  the  capacity  to  produce  virus-immune  CTL  prior  to  such 
therapy  generated  normal  influenza  immune  CTL  activity  six  months  following 
transplantation  therapy  which  was  performed  by  Drs.  O'Reilly  and  Good  at  the 
Sloan-Kettering  Institute.   An  additional  Wiskott-Aldrich  patient  who  received 
immuno  suppressive  therapy  (without  bone  marrow  ablation)  and  bone  marrow 
transplantation  from  a  MHC  identical  sibling,  also  possesses  a  normal 
potential  to  generate  influenza  immune  CTL  in  vitro.   While  the  precise 
mechanism(s)  of  non-responsiveness  to  viruses  and  self-MHC  gene  products  in 
the  Wiskott-Aldrich  Syndrome  remains  unresolved,  this  defective  production  of 
virus-immune  CTL  is  correctable  by  bone  marrow  transplantation  following  either 
immunosuppression  or  bone-marrow  ablative  therapy. 

These  studies  of  virus-immune  self-MHC  restricted  CTL  production 
demonstrate  a  heterogeneity  in  responsiveness  among  immunodeficiency  disease 
patients.  Most  hypogammaglobulinemic  patients  but  not  patients  with  ataxia- 
telangiectasia  on  the  Wiskott-Aldrich  syndrome  are  capable  of  generating 
immune  CTL  in_  vitro .   These  defects  in  the  production  of  immune  CTL  may 
contribute  to  the  pathogenesis  of  recurrent  infections  and  the  high  incidence 
of  neoplasia  in  some  of  these  patients. 

Humoral  Immune  Responses  by  human  peripheral  blood  leukocytes  in  vitro. 

Studies  were  initiated  to  develop  methods  for  the  assessment  of  specific 
humoral  antibody  production  by  human  peripheral  blood  mononuclear  leukocytes 
in  vitro.   Antibody  molecules  belong  to  a  class  of  serum  proteins  termed  the 
gammaglobulins.   Since  these  gammaglobulins  can  confer  immunity  they  are 
often  termed  immunoglobulins  (Ig)  and  several  distinct  sub-classes  of 
Immunoglobulins  (IgM,  IgG,  IgA,  IgD  and  IgE)  are  known  to  exist.   Immuno- 
globulin secreting  cells  are  derived  from  a  class  of  leukocytes  called 
B-cells  which  possess  cell  surface  immunoglobulin  as  antigen  receptors.   Tne 
transition  of  B-cells  Into  immunoglobulin  secreting  cells  is  antigen-dependent, 
monocytedependent,  and  for  most  antigens  requires  the  positive  influence  of 
T-helper  cells  and  is  negatively  regulated  by  T-suppressor  cells.  With 
regard  to  our  studies  of  in  vitro  antibody  production,  we  have  thus  far 
demonstrated  that  peripheral  blood  mononuclear  leukocytes  from  6  out  of  9 
randomly  selected  normal  individuals  produced  specific  anti-influenza  antibody 
in  vitro  when  stimulated  with  infectious  allantoic  fluid  containing  influenza 
ATHong  Kong.   The  presence  of  anti-influenza  antibody  in  leukocyte  culture 
supernatants  was  dependent  on  de  novo  protein  biosynthesis  since  antibody 
production  was  abolished  by  the  protein  synthesis  inhibitor  cyclohexamide. 
Anti-virus  antibody  production  was  shown  to  be  both  antigen  dependent  and 
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virus-specific  at  the  stimulation  phase  since:  1)  cultures  stimulated  with 
normal  allantoic  fluid  produced  no  anti-virus  antibody,  and  2)  cultures 
stimulated  with  influenza  A/Hong  Kong  virus  produced  anti-influenza  A  antibody 
but  not  anti  influenza  B/Hong  Kong  antibody  and  vice  versa.   Antibody  production 
in  vitro  required  the  presence  in  culture  of  both  T-cells  and  B-cells  since 
highly  purified  T-cells  and  B-cells  cultured  alone  produced  no  antibody  but 
cocultures  of  these  purified  T-cells  and  B-cells  did  produce  antibody. 

Secreted  anti-virus  antibody  of  IgM,  IgG,  and  IgA  classes  has  been 
observed  in  culture  supernatants  of  cells  stimulated  with  influenza  A/Hong 
Kong.   Thus,  methods  have  been  developed  to  study  the  production  of  antibody 
by  human  peripheral  blood  mononuclear  leukocytes  in_  vitro .   The  assessment 
of  both  antigen  specific  T-cell  and  B-cell  responses  by  human  peripheral 
blood  mononuclear  leukocytes  in  vitro  should  provide  an  effective  means  to 
further  examine  defects  in  immunologic  responses  in  patients  with  immuno- 
deficiency diseases  and  cancer. 

Proposed  Course:   Studies  will  be  continued  to  assess  T-cell  mediated 
specific  cytotoxic  responses  in  normal  individuals  and  in  patients  with 
immunodeficiency.   Studies  in  experimental  animals  and  man  have  suggested 
that  the  T-cell  subsets  involved  in  the  production  of  immune  CTL  (i.e.  CTL 
precursor,  T-helper  cells,  T-suppressor  cells)  may  be  separable  on  the 
basis  of  cell  surface  antigens.   Recently,  methods  have  been  developed  whereby 
antibodies  recognizing  only  sub-populations  of  human  peripheral  blood  T-cells 
can  be  produced  (hybridoraa  antibodies).   Such  antibodies  will  be  tested  for 
their  ability  to  recognize  T-cell  subsets  in  normal  individuals  which  are 
required  for  the  generation  of  immune  CTL  and  also  to  identify  immune  CTL 
effectors.   If  antibodies  useful  in  dissecting  CTL  responses  in  normal 
individuals  are  found,  these  reagents  will  be  used  to  further  probe  the 
mehanisms(s)  of  defective  specific  CTL  responses  in  immunodeficiency  diseases 
(i.e.  lack  of  CTL  precursors,  T-helper  cells  or  monocytes,  excessive 
T-suppressor  cells)  .   Attempts  will  be  made  to  assess  hapten-specif ic  CTL 
responses  generated  in  vivo  by  immunization  with  the  cutaneous  application 
of  dinitrochlorobenzene.   Additional  studies  of  hapten-specif ic  CTL  generation 
in  vitro  will  be  undertaken  in  patients  with  the  Wiskott-Aldrich  Syndrome 
and  ataxia-telangiectasia  to  further  assess  the  scope  of  defective  CTL 
production  in  these  individuals. 

With  regard  to  humoral  antibody  responses  in  vitro ,  studies  will  be 
expanded  to  further  define  the  proportion  of  normal  individuals  capable  of 
responding  with  antibody  production  to  the  influenza  viruses  and  other 
antigens  and  the  optimal  in  vitro  culture  conditions  for  generating  such 
responses.   The  aforementioned  hybridoma  antibodies  recognizing  T-cells 
and  additional  antibodies  possibly  recognizing  monocytes  and  B-cells  will 
be  used  in  attempts  to  further  define  the  cellular  interactions  necessary 
to  generate  a  response.   Using  purified  virus  antigens  (i.e.  virus 
hemagglutinin,  virus  neuraminidase) ,  the  specificity  of  the  jLn_  vitro  secreted 
antibody  will  be  further  defined.   Studies  of  specific  humoral  immune 
responsiveness  in  vitro  will  then  be  extended  to  patients  with  immunodeficiency 
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diseases,  particularly  those  patient  groups  already  defined  as  having  defective 
specific  CTL  responses  (ataxia  telangiectasia,  Wiskott-Aldrich  syndrome)  and 
those  hypogammaglobulinemic  patients  with  normal  CTL  responses.   Specific 
CTL  responses  and  specific  antibody  responses  will  then  be  studied  in  parallel 
to  further  elucidate  the  mechanism(s)  involved  in  these  patients  susceptibility 
to  recurrent  infections  and  cancer. 

Publications: 

Bundy,  B.M.  and  Nelson,  D.L.:   Human  studies  on  spontaneous  cell-mediated 
cytotoxicity  (SCMC).   In  Crispin  R.  (Ed.):   Cancer  Immunology:   Experimental 
and  Clinical.   Chicago,  Science  Press.   In  press. 

Nelson,  D.L.:   Cell-mediated  cytotoxicity.   In  Oppenheim,  J.,  Rosenstreich,  D. , 
and  Potter,  M.  (Eds.):   The  Cell  Biology  of  Immunity  and  Inflammation. 
New  York,  Elsevier-North  Holland.   In  press. 
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Project  Description: 


Objectives:   The  objectives  of  these  studies  were  to  1)  delineate 
the  importance  in  man  of  a  newly  recognized  system  of  non-specific  cell 
mediated  spontaneous  cytotoxicity,  2)  examine  the  effect  of  antisera 
which  recognizes  gene  products  encoded  by  the  human  Drw  locus  on  assays 
of  cellular  and  human  immunity,  3)  characterize  a  newly  recognized  class 
of  surface  receptors  for  the  Fc  portion  of  human  immunoglobulin  on  human 
T  cells,  4)  examine  the  phylogeny  of  antigen  non-specific  cytotoxicity 
systems  in  vivo  5)  assss  the  molecular  mechanisms  involved  in  some  forms 
of  cell-cell  cooperation,  and  6)  asses  the  effect  of  various  chemotherapeutic 
anti-neoplastic  drugs  on  spontaneous  cytotoxicity. 

Methods  Employed:   In  vitro  cellular  cytotoxicity  systems  have  been 
developed  for  antibody  dependent  cellular  cytotoxicity,  mitogen  induced 
cellular  cytotoxicity,  cell  mediated  lympholysis,  and  spontaneous  monocyte 
mediated  cytotoxicity  using  a  sensitivity  micro  ->lcr  release  assay  for 
various  target  cells.   These  results  were  correlated  with  standard  in 
vitro  and  in  vivo  assays  of  cell  mediated  and  humoral  mediated  immunity. 
For  the  chaFacterization  of  immunoglobulin  class  specific  Fc  receptors  on 
human  T  cells,  purified  IgG,  IgM,  and  IgA  chromatography,  gel  filtration 
and  antigen  specific  absorption  of  certain  monoclonal  mouse  myeloma  proteins. 

Major  Findings:   Our  laboratory  has  4  major  research  projects.   One 
major  area  of  investigation  utilizes  a  model  of  in  vitro  spontaneous 
monocyte  mediated  cytotoxicity  which  we  have  developed  and  characterized 
using  human  mononuclear  cells.   Compared  to  other  assays  of  human  monocyte 
activation  this  model  is  more  fully  worked  out  on  a  cellular  level  than 
similar  assays.   For  example,  we  know  that  cytotoxic  monocytes  are  under 
the  control  of  potent  suppressor  lymphocytes  and  that  several  agents 
including  pokeweed  mitogen  activate  lymphocyte  mediated  suppression  of 
monocyte  mediated  cytotoxicity.   With  our  model  of  spontaneous  monocyte 
mediated  cytotoxicity  we  have  begun  to  examine  the  in  vitro  and  in  vivo 
effects  of  cancer  chemotherapeutic  agents  on  spontaneous  monocyte  mediated 
cytotoxicity.   Of  great  theoretical  and  practical  importance  we  have 
found  that  in  vitro  Cis  Platinum,  L-phenlyalanine  mustard,  and  adriamycin 
are  profound  activators  of  spontaneous  monocyte  mediated  killing. 
Furthermore,  we  have  found  that  in  vitro  x-irradiation  also  markedly 
enhances  spontaneous  monocyte  mediated  killing.   Three  important  aspects 
of  this  work  have  emerged.   First,  monocyte  activation  occurs  at  very  low 
doses  of  both  irradiation  and  chemotherapeutic  agents  -well  within  the 
range  of  what  might  be  expected  to  be  delivered  therapeutically  in  vivo 
to  tumor  tissue.   Second  these  agents  activate  monocytes  through  different 
mechanisms.   For  example,  x-irradiation  inactivates  suppressor  lymphocytes 
while  cis-platinum  directly  activates  monocyte  function.   Finally,  these 
in  vitro  assays  have  recently  been  applied  to  patients  receiving  chemotherapy 
for  a  variety  of  solid  tumors.   Not  only  is  spontaneous  monocyte  mediated 
killing  suppressed  in  patients  with  malignancy,  but  also  monocyte  killing 
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function  is  restored  during  chemotherapy  and  may  correlate  with  clinical 
response.   Thus  we  have  expanded  our  original  observations  concerning 
spontaneous  monocyte  mediated  cytotoxicity  and  have  used  this  model  to 
examine  methods  of  activating  both  in  vitro  and  in  vivo  monocyte  function. 

Our  second  major  area  of  interest  is  a  collaborative  effort  within 
the  branch  examing  the  effect  of  antisera  against  DRw  gene  products  on 
of  in  vitro  immunity.   Our  laboratory  has  found  that  antisera  which 
recognize  Drw  gene  locus  products  1)  bind  to  human  monocytes,  2)  profoundly 
induces  a  T  suppressor  cell  which  is  partially  radiosensitive,  3)  actively 
induces  a  T  suppressor  cell  which  is  partially  radiosensitive,  and  4) 
generates  a  soluble  factor  which  also  is  profoundly  suppressive.   We  have 
expanded  these  data  to  show  that  such  anti  DRw  antisera  from  both  xenogeneic 
sources  (rabbit  anti  framework)  and  allogeneic  sources  (from  multiparous 
women)  profoundly  inhibit  the  development  J^  vitro  of  spontaneous  monocyte 
mediated  cytotoxicity.   These  data  in  conjunction  with  similar  data 
concerning  the  effect  of  the  antisera  on  B  cell  function  profoundly  alter 
the  interpretation  of  previous  experiments  using  such  antisera.   Furthermore, 
our  data  using  all  3  systems  (B  cell  plaquing,  T  cell  proliferation  and 
monocyte  mediated  killing)  suggest  that  the  expression  of  inhibition  is 
critically  dependent  upon  the  presence  of  an  intact  Fc  receptor.   These 
findings  suggest  potential  therapeutic  uses  for  such  antisera  as  a  tool 
for  suppressing  in  vitro  immune  responses. 

Our  laboratory  has  also  been  deeply  interested  in  the  inhibitory 
effect  of  simple  mono  and  disaccharides  on  the  immune  response.   We  have 
shown  that  certain  monosaccharides  markedly  inhibit  antigen  specific  T 
cell  responses  in_  vitro.   In  a  related  series  of  experiments  we  have 
demonstrated  that  a  different  set  of  sugars  profoundly  inhibits  spontaneous 
monocyte  mediated  cytotoxicity.   Interestingly  this  inhibition  is  target 
specific  -  that  is  one  sugar  consistently  blocks  one  target  but  not 
another.   These  data  are  consistent  with  our  hypothesis  that  monocytes 
recognize  and  kill  targets  through  receptors  for  defined  sugars.   Further, 
in  a  collaborative  effort,  we  have  generated  data  showing  that  an  entirely 
different  set  of  sugars  reverse  the  inhibitory  effects  of  Con  A  supernatants 
on  both  B  cell  and  T  cell  function  in  vitro.   For  example,  the  inhibitory 
action  of  Con  A  supernatants  on  B  cell  function  Is  reversed  by  L-rhamnose, 
while  T  cell  function  in  the  presence  of  ConA  supernatants  is  restored  by 
N  acetyl  glucosamine.   All  of  our  data  are  consistent  with  our  current 
hypothesis  that  human  mononuclear  cells  interact  with,  and  recognize 
other  cells  (both  xenogeneic  targets  and  autologous  mononuclear  cells) 
through  sugar  specific  lectin  like  receptors  which  Interact  with  defined 
glycoproteins . 

Finally  in  a  collaborative  investigation  with  Dr.  Harvey  Colton  in 
Boston,  we  have  expanded  our  previous  findings  and  have  further  characterized 
a  heat  labile  plasma  factor  which  activates  both  human  monocytes  and 
lymphocytes  to  kill  a  variety  of  targets  in  the  absence  of  any  pre-existing 
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immunity.  We  have  found  that  both  forms  of  this  so  called  "non-specific" 
killing  models  require  Factor  B  of  the  alternate  complement  pathway  and 
factor  C5  of  the  classical  complement  system.   However  lymphocyte  mediated 
killing  requires  C7  and  C8  while  monocyte  killing  is  independent  of  these 
factors.   These  data  unite  antibody  independent  forms  of  fluid  phase  and  all 
mediated  models  of  target  cell  lysis  which  occurs  in  the  absence  of  effector 
cells.   Furthermore,  our  data  suggest  a  common  trigger  mechanism  resulting  in 
both  fluid  phase  and  cell  mediated  forms  of  immediate  "non-specific"  host 
defense  which  can  act  immediately  and  in  the  absence  of  pre-existing 
forms  of  immunological  host  defense.   Finally  these  data  strongly  suggest 
that  lymphocytes  and  monocytes  require  different  serum  components  to  be 
activated  to  kill  and  therefore  represent  two  separate  and  unique  forms 
of  non-antigen  specific  immunity. 

Significance  to  Biomedical  Research;   Our  studies  on  both  monocyte 
mediated  cellular  cytotoxicity  and  factor  B  dependent  cell  mediated 
cytotoxicity  have  several  major  implications.   Our  data  suggest  that  a 
variety  of  "nonspecific"  in  vitro  and  killing  assays  are  in  reality  quite 
specific  and  represent  target  spcific  cell  surface  sugar  recognition. 
Our  phylogenetic  studies  imply  this  phenoraonen  is  ubiquitous.   We  believe 
this  type  of  cytotoxicity  represents  an  important  aspect  of  host  immune 
defense  which  is  independent  of  prior  antigen  exposure.   From  a  clinical 
perspective,  we  have  evidence  that  both  therapeutic  levels  of  x-ray  and 
the  radiometric  drug  Cis  PPD  enhance  in  vitro  killing.   This  enhancement 
occurs  via  different  mechanisms  . . .  x-ray  inactivates  a  suppressor  cell 
while  Cis  PDD  appears  to  directly  activate  monocytes.   We  propose  that 
this  phenomena  may  be  an  important  mechanism  by  which  these  agents  exert 
their  anti-neoplastic  effects  in  vivo  as  well  as  their  well  described  direct 
toxicity  towards  tumor  cells.   We  have  recently  analyzed  a  large  group  of 
patients  with  malignancy  and  have  shown  them  to  have  defective  in  vitro 
monocyte  mediated  killing.   Our  evidence  suggests  that  successful  Cis  PDD 
treatment  results  in  restoration  of  monocyte  cytotoxicity  in  vitro  and  in 
vivo .   Our  data  concerning  the  effect  of  various  sugars  on  in  vitro  assays 
of  antigen  specific  proliferation  have  enormous  implications  concerning 
how  cells  communicate  with  each  other.   At  this  juncture  we  are  postulating 
that  carbohydrate  recognition  plays  a  central  role  in  self-self  and  self- 
non-self  recognition  phenomena. 

Proposed  Course:   Our  laboratory  will  continue  to  characterize  the 
nature  of  carbohydrate  rceptors  and  the  effect  of  blocking  these  receptors 
on  in  vitro  and  in_  vivo  immune  reactivity.   We  will  extend  our  studies  to 
an  in  vivo  model  in  efforts  to  control  immunologic  responses  in  an  intact 
animal  in  order  to  gain  insight  into  possible  approaches  and  therapy  of 
diseases  which  are  the  result  of  over  active  immune  responses.   We  are 
embarking  on  a  major  effort  to  screen  chemotherapeutic  anti  neoplastic 
agents  both  in  vivo  and  in  vitro  to  asses  their  capacity  to  activate 
monocyte  mediated  killing. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  analyze  the  cellular  control  of  immune 
function  in  normal  individuals  and  in  certain  patients  with  neoplastic 
disease.   We  are  currently  determining  the  helper  and  suppressor  activity 


of  neoplastic  T  cells  from  patients  with  acute  lymphoblastic  leukemia  and 
cutaneous  T-cell  lymphomas .   We  are  also  studying  abnormalities  of  regulatory 
monocytes  and  T-cells  from  patients  with  multiple  myeloma  and  mice  bearing 
plasmacytomas .   Finally,  we  are  characterizing  the  capacity  of  antibodies 
directed  against  surface  membrane  products  of  immune  response  genes  to 
inhibit  human  immune  reactions  by  activating  regulatory  T  cells. 
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Objectives:   T  cells  play  a  critical  role  in  a  number  of  immune 
systems.   These  cells  are  involved  in  cell-mediated  immunity  which  includes 
such  phenomena  as  delayed  hypersensitivity,  allograft  rejections,  graft 
vs.  host  reaction,  tumor  cell  killing  in  some  systems,  and  lysis  of 
virally-infected  target  cells.   Normal  T  cells  proliferate  in  vitro  in  the 
presence  of  plant  mitogens,  such  as  phytohemagglutinin  and  concanavalin 
A.  They  may  mediate  the  mixed-lymphocyte-reaction,  act  as  killer  cells 
in  certain  models  of  lymphocyte-induced  cytotoxicity,  and  generate 
soluble  effector  proteins  such  as  lymphokines.   In  addition,  T  cells 
play  an  indespensible  role  in  regulating  humoral  immune  response  by  acting  as 
potentiators  (helper  cells)  or  inhibitors  (suppressor  cells)  of  the 
transition  of  B  cells  into  immunoglobulin  producing  plasma  cells.   Both 
antigen-specific  and  nonspecific  helper  and  suppressor  functions  have 
been  identified. 

In  this  project,  we  have  examined  regulatory  T  cells  in  three  biologic 
settings.   The  first  setting  relates  to  the  observation  that  neoplastic  T 
cells  from  certain  patients  with  leukemias  or  lymphomas  may  still  retain 
immunoregulatory  properties.   The  second  setting  relates  to  the  observation 
that  host  T  cells  and  macrophages  from  mice  bearing  plasmacytomas  (which 
greatly  resemble  the  human  cancer  multiple  myeloma)  may  play  a  role  in 
the  generalized  humoral  immunodeficiency  state  associated  with  plasma- 
cell  tumors.   The  third  setting  relates  to  the  observation  that  antibodies 
directed  against  human  la  (immune  response  associated)  antigens  can 
depress  humoral  immune  function  by  activating  a  radiosensitive  suppressor 
T-cell  population.   We  believe  these  three  areas  of  investigation  have 
both  clnical  and  theoretical  ramifications. 

Methods  Employed:   To  study  the  transition  of  circulating  human 
lymphocytes  into  immunoglobulin  secreting  plasma  cells,  peripheral 
lymphocytes  were  cultured  in  the  presence  of  pokeweed  mitogen,  a  water 
soluble  mitogen  derived  from  a  Nocardia  opaca,  and  Epstein-Barr  virus. 
The  amount  of  IgM,  IgA  and  IgG  synthesized  and  secreted  into  the  media 
was  determined  by  double-antibody  radioimmunoassays  or  by  the  reverse 
hemolytic  plaque  assay.  The  presence  of  circulating  suppressor  cells  was 
assayed  by  a  co-culture  technique.   Circulating  neoplastic  T  cells  (and 
T-lines)  from  various  patients  and  peripheral  blood  indicator  lymphocytes 
from  normal  control  individuals  were  co-cultured.   The  synthesis  of 
immunoglobulin  by  cells  of  the  two  subjects  in  the  co-culture  was  related 
to  the  sum  of  the  expected  contribution  of  each  population.   In  order  to 
assay  helper  activity  purified  B  cell  populations,  freed  of  T  cells,  were  used 
as  indicator  cells  in  the  presence  of  pokeweed  mitogen.   It  should  be  noted 
that  pokeweed  mitogen  is  a  highly  T-cell  dependent  activator,  whereas 
Epstein-Barr  virus  (EBV)  and  Nocardia  opaca  water  soluble  mitogen  are 
relatively  thymic  independent  polyclonal  activators,  and  this  will  be 
discussed  further  below. 
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Primary  sheep  red  cell  specific  immune  responses  of  murine  spleen 
cells  were  assessed  by  the  standard  in  vitro  Mishell-Dutton  culture 
systems  and  Jerne  plaque  formation. 

To  study  cell-membrane  antigen-synthesis  cells  were  pulsed  with 
"s-methionine  (in  collaboration  with  Dr.  Strominger  and  his  co-workers). 
Solubilized  membrane  proteins  were  subjected  to  sodium  dodecyl  sulfate 
polyacrylamide  gel  analysis  using  7-15%  gradients  (in  the  presence  of 
2-mercaptoethanol) .  Labelled  proteins  were  precipitated  using  rabbit 
antibodies  and  protein  A  from  Staphylococcus  aureas. 

NEOPLASMS  OF  REGULATORY  CELLS 

Background:   A  number  of  essential  insights  into  the  nature  of  the 
humoral  immune  responses  resulted  from  the  study  of  neoplasms  of  the  B 
cell/plasma  cell  series.   The  recognition  that  so-called  paraproteins 
derived  from  patients  and  certain  animals  with  multiple  myeloma  (a 
malignant  proliferation  of  plasma  cells)  represented  extremely  homogeneous 
immunoglobulins  has  affected  essentially  every  phase  of  immunologic 
research.   An  understanding  of  antibody  structure,  function,  metabolism 
and  genetics  depends  heavily  on  the  use  of  such  homogeneous  immunoglobins . 
Indeed,  certain  immunoglobulin  classes  (such  as  IgD  and  IgE)  would  have  been 
different  or  impossible  to  evaluate  without  the  availability  of  myeloma-related 
proteins.   Recently  recognized  membrane  and  functional  differences  between 
B  cells  and  T  cells  provided  an  important  new  basis  for  classifying 
neoplastic  lymphocytes.   Such  a  classification  has  already  proved  to 
have  therapeutic  and  prognostic  relevance  in  characterizing  lymphomas 
and  certain  leukemias.   The  study  of  malignant  T  cells  and  their  products 
may  prove  to  be  as  important  in  answering  questions  regarding  cellular 
immunity,  and  especially,  the  T-cell  regulation  of  humoral  immune  responses, 
as  myeloma  cells  and  their  protein  products  have  proved  to  be  in  answering 
questions  concerning  the  immunoglobulin  synthesizing  system.   We  have 
focused  a  considerable  degree  of  research  and  clinical  effort  in  studying 
patients  with  acute  and  chronic  leukemias  thought  to  be  of  T-cell  origin. 
During  the  past  year  we  have  extended  our  analysis  of  the  immunoregulatory 
properties  of  leukemic  T  cells  from  patients  with  Sezary  syndrome*,  and 
we  have  given  special  attention  to  the  leukemic  T  cells  of  some  patients 
with  childhood  lymphoblastic  leukemia.   We  have  previously  shown  that 
some  (but  not  all)  patients  with  the  Sezary  syndrome  may  have  leukemic 
cells  which  act  as  so-called  helper  T  cells.   By  refining  our  analysis, 
we  have  learned  that  approximately  one-half  of  patients  studied  had 
helper  activity  in  a  system  where  any  contaminating  residual  normal 
T-cell  effects  were  minimized  by  dilution  studies.  We  have  discovered 


*The  Sezary  syndrome  is  a  cutaneous  T-cell  lymphoma  in  adults  characterized  by 
severe  erythroderma,  diffuse  lymphadenopathy,  and  circulating  neoplastic  cells 
with  cerebriform  nuclei. 
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one  patient  with  acute  lymphoblastic  leukemia  whose  neoplastic  cells 
acted  as  T  cells  that  could  perform  a  helper  function.   Also,  we  have 
analyzed  the  neoplastic  cells  from  an  unusual  child  with  a  cutaneous 
T-lymphoma,  and  found  them  to  function  as  potent  suppressor  cells. 
Furthermore,  we  found  another  patient  with  acute  lymphoblastic  leukemia 
(also  T-cell  type)  who  had  hypogammaglobulinemia  prior  to  chemotherapy, 
and  whose  neoplastic  cells  appeared  to  function  as  pro-suppressor  cells. 
Such  cells  required  T-T  interaction  for  maximal  suppressor  effect. 
Antibodies  raised  against  these  suppressor-like  leukemic  T-cells  appear 
to  react  with  surface  membrane  glycoproteins  found  on  certain  normal 
cultured  cells  with  suppressor  properties. 

Major  Findings:   The  neoplastic  lymphocytes  of  essentially  all 
patients  with  Sezary  type  T-cell  leukemias  failed  to  produce  immunoglobulin 
under  any  of  the  conditions  assayed.   None  of  the  Sezary  patients  studied 
had  neoplastic  T  cells  which  exhibited  suppressor  cell  activity  using 
pokeweed  mitogen.   Indeed,  on  a  number  of  occasions,  normal  lymphocytes 
showed  a  greatly  amplified  immunoglobulin  synthesizing  and  secreting 
capacity  in  the  presence  of  Sezary  cells.   Tumor  cells  from  approximately 
half  of  the  patients  with  the  Sezary  syndrome  studied  functioned  as  helper 
T  cells  in  a  system  where  dilutions  were  made  to  exclude  a  role  of  residual 
normal  T  cells.   Thus,  there  was  a  6-  to  over  30-fold  augmentation  of 
immunoglobulin  production  by  normal  purified  B  cells  after  the  addition 
of  Sezary  cells.   As  already  mentioned,  we  observed  a  comparable  polyclonal 
helper  activity  in  the  neoplastic  T  cells  from  one  child  with  acute  lympho- 
blastic leukemia.   We  have  recently  had  the  opportunity  to  evaluate  several 
patients  with  Sezary  syndrome  who  had  easily  detectable  monoclonal  serum  immuno- 
globulin abnormalities.   Also,  many  of  our  patients  have  had  elevations  of  serum 
IgA  and  IgE  levels.  (The  synthesis  of  these  two  immunoglobulin  classes  is 
particularly  dependent  on  T-cell  influences.)   These  studies  suggest  that 
under  some  conditions  neoplastic  T  cells  may  act  as  though  they  originate 
from  T  cells  committed  to  mediate  helper  activity  jji  vitro  and  in  vivo  . 

Our  analysis  of  another  patient  with  acute  lymphpoblastic  leukemia  and 
hypogammaglobulinemia  prior  to  chemotherapy  may  eventually  help  clarify  the 
role  of  T-T  interactions  in  the  regulation  of  normal  humoral  immune  responses. 
The  neoplastic  T  cells  from  this  patient  acted  as  potent  polyclonal 
suppressors  of  pokeweed  mitogen  induced  immunoglobulin  production  by  co- 
cultured  normal  unseparated  lymphocytes.   However,  in  experiments  in 
which  purified  normal  B  cells,  purified  normal  T  cells,  and  purified 
irradiated  normal  T  cells  were  used  in  various  combinations,  we  observed 
that  this  child's  neoplastic  T  cells  required  a  radiosensitive  subset  of 
normal  T  cells  to  exert  their  suppressor  activity  in  the  presence  of 
pokeweed  mitogen.   Furthermore,  we  found  that  normal  T  cells  when  stimulated 
with  pokeweed  mitogen  released  soluble  factor(s)  within  24  hours  of 
culture,  which  activated  these  leukemic  cells  to  suppress  immunoglobulin 
production  without  the  additional  requirement  of  cooperating  normal  T 
cells.   In  further  studies,  we  learned  that  the  presence  of  cooperating 
normal  T  cells  and  pokeweed  mitogen  together  was  essential  in  the 
suppression  of  Nocardia  water  soluble  mitogen-driven  immunoglobulin 
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production.   It  should  be  re-emphasized  that  pokeweed  mitogen  is  a 
relatively  thymic-dependent  polyclonal  activator,  whereas  Nocardia  water 
soluble  mitogen  is  a  relatively  thymic-independent  polyclonal  activator. 
Taken  together,  these  results  suggest  that  the  leukemic  cells  under 
discussion  acted  as  pro-suppressor  cells  requiring  the  cooperation  of  a 
normal  amplifying  subset  of  T  cells  in  order  to  emerge  as  suppressor 
effectors .   To  our  knowledge  this  represents  the  first  demonstration  of  an 
interaction  between  normal  and  neoplastic  cells  in  the  generation  of 
immunoregulatory  effector  cells.  While  the  system  used  related  to 
polyclonal  activation,  we  believe  these  observations  are  also  relevant  for 
antigen-specific  systems. 

In  collaboration  with  Drs .  Dean  Mann  and  Jack  Strominger,  an  analysis 
of  the  membrane  markers  synthesized  by  these  pro-suppressor  leukemic  cells 
(compared  to  normal  T  cell  lines)  was  undertaken  (See  Methods).   Our  key 
analytical  probes  were  antibodies  raised  in  rabbits  Inoculated  with  the  leukemic 
pro-suppressor  cells.  We  observed  that  lines  derived  from  the  leukemic  cells 
displayed  a  family  of  similar  membrane  proteins  (In  the  range  of  150,000  - 
200,000  Daltons).   These  high  molecular  weight  proteins  were  readily  detectable 
as  precipitin  lines  using  antibodies  raised  In  rabbits  immunized  with  the 
starting  leukemic  cell  population,  and  we  learned  that  they  contained  galactose 
moieties.   Normal  cultured  T-cells  exhibiting  suppressor  activity  had  the 
same  or  very  similar  glycoproteins  in  their  surface  membranes. 

REGULATORY  CELL  ABNORMALITIES  IN  THE  HUMORAL  IMMUNODEFICIENCY 
ASSOCIATED  WITH  PLASMA  CELL  TUMORS 

Background:   A  long-standing  research  interest  within  the  Metabolism 
Branch  has  been  the  depression  of  immune  function  seen  in  patients  with 
multiple  myeloma.   As  already  touched  upon,  multiple  myeloma  is  a  disease 
that  represents  the  monoclonal  expansion  of  malignant  plasma  cells,  which 
generally  secrete  a  homogeneous  immunoglobulin  (or  immunoglobulin  subunit) 
product.   Such  products  are  termed  paraproteins.   Patients  with  multiple 
myeloma  demonstrate  impaired  antibody  formation  after  antigenic  stimulation, 
have  depressed  polyclonal  (non-paraprotein)  immunoglobulin  levels  in 
their  serum,  and  are  readily  susceptible  to  infection  with  highly 
pathogeneic  bacteria.   Metabolic  turnover  studies  performed  within  the 
Branch  have  demonstrated  that  this  depression  of  polyclonal  immunoglobulins 
is  related  to  an  increased  plasma  volume  or  increased  fractional  catabolic 
rate  in  special  circumstances.   However,  the  same  studies  have  shown  that 
the  most  important  factor  contributing  to  the  depressed  serum  levels  of 
non-paraprotein  immunoglobulins  is  a  decreased  in  vivo  synthetic  rate. 
Certain  strains  of  mice  (especially  Balb/C)  given  appropriate  inflammatory 
treatments  may  acquire  malignant  plasmacytomas  which  are  associated  with 
several  key  features  of  human  multiple  myeolma.   Such  plasmacytomas  are 
often  transplantable  into  syngeneic  normal  mice  and  the  transplantable 
tumors  bring  about  a  form  of  humoral  immunosuppression  in  recipient 
animals  which  is  quite  analogous  to  the  depressed  immunity  seen  in  patients 
with  multiple  myeloma. 
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Major  Findings:   We  observed  that  a  significant  number  of  patients 
with  multiple  myeloma  have  circulating  host  regulatory  cell  abnormalities. 
We  found  that  macrophage-like  cells  from  certain  patients  with  multiple 
myeloma  can  function  as  potent  inhibitors  of  immune  function.   Removal  of 
such  macrophage-like  suppressor  cells  ^n_  vitro  nullified  the  excess 
suppressor  function  seen  in  such  patients,  and,  in  fact,  could  partially 
restore  the  immune  competence  of  the  patient-circulating  lymphocyte 
populations.   Using  patients  with  multiple  myeloma,  it  has  thus  far  been 
very  difficult  to  define  whether  abnormal  regulatory  T  cells  also  play  a 
role  in  the  humoral  immune  impairment. 

In  collaboration  with  Linda  Muul  in  our  laboratory,  we  have  attempted 
to  further  elucidate  the  regulatory  abnormalities  seen  in  myeloma  by  using 
Balb/C  mice  carrying  transplantable  plasmacytomas.   In  the  murine 
plasmacytoma  system,  we  have  observed  that  both  macrophage  and  T-cell 
regulatory  cell  abnormalities  exist.   In  particular,  we  found  that  splenic 
T  cells  from  mice  bearing  plasmacytomas  can  function  as  very  potent 
inhibitors  of  antibody  synthesis  by  normal  spleen  cells  in  co-culture 
experiments  under  suitable  conditions.   However,  such  suppressor  T  cells 
appeared  to  require  a  cooperative  Interaction  with  normal  T  cells  before 
a  suppressor  effect  could  be  observed.   Because  of  the  results  in  this 
section  and  the  previous  section,  the  entire  issue  of  T-T  interactions  in 
the  generation  of  regulatory  effector  cells  is  becoming  a  major  topic  for 
our  research  effort. 

ALTERATIONS  OF  IMMUNOREGULATORY  CELLS  INDUCED  BY  ANTIBODIES  TO  la  ANTIGENS 

Background:   In  mammals,  the  major  histocompatibility  complex  is  a 
chromosomal  segment  containing  genes  that  control  the  strongest  allotrans- 
plantation antigens.   Genes  within  this  region  also  profoundly  influence 
several  functions  of  the  immune  system,  including  the  capacity  to  generate 
immune  responses  to  certain  antigens.   The  major  histocompatibility 
complex  in  mice  Is  called  H-2  and  is  located  on  chromosome  17.   At  present, 
five  major  H-2  regions  are  recognized:   K,  I_,  j3,  G_,  and  D. 

The  genetic  information  for  a  number  of  distinct  immune  functions  in 
mice  can  be  assigned  to  one  or  more  subregions  of  the  _I-region  of  H-2. 
Cell  surface  antigens  encoded  by  genes  which  map  within  the  I_-region  are 
called  la  (immune  response  associated)  antigens.   Unlike  determinants  encoded 
within  the  K  and  p_  regions  of  H-2,  la  antigens  appear  predominantly  on  B 
cells  and  monocytes.   However,  murine  T  cells  do  express  some  la  antigens. 

The  I-region  has  received  enormous  attention  by  investigators 
throughout  the  world.   By  using  strains  of  mice  with  recombinant  chromosomal 
events  within  this  region,  it  has  been  possible  to  define  at  least  five  I_- 
subregions.   These  are  now  designated  I-A,  I-B,  I-J,  I-E,  and  I-C.   There 
is  preliminary  evidence  that  another  biologically  important  _I-subregion 
(I-N)  exists.   The  genetic  information  for  a  number  of  distinct  immune 
functions  can  be  assigned  to  one  or  more  specific  I-subregions .   There 
is  evidence  that  at  least  some  of  the  structural  information  for  soluble 
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helper  T-cell  factors  may  be  encoded  in  the  I -A  subregion.   Other  I_-sub- 
regions  participate  in  suppressorcell  function.   For  example,  some 
workers  have  found  that  suppressor  T  cells  and  their  factors  are  capable 
of  inhibiting  the  mixed  lymphocyte  reactions  of  responder  cells  with  the 
same  I-C  subregion  genotype.   Furthermore,  the  I-J  subregion  contains 
the  genetic  information  for  surface-membrane  markers  found  on  suppressor 
T  cells  (and  a  special  subset  of  helper  T  cells),  and  also  for  determinants 
found  on  soluble  inhibitory  factors  derived  from  such  cells.   These 
I-J-related  suppressor  T-cell  factors  may  profoundly  depress  both  humoral 
and  cellular  Immune  reactions.   Under  some  conditions,  such  suppressor 
factors  function  only  in  I-J  compatible  systems  and  in  other  circumstances, 
these  factors  may  function  across  such  histocompatibility  barriers. 

In  humans,  the  major  histocompatibility  genes  map  within  the  HLA- 
complex  of  chromosome  6,  and  genes  within  the  HLA-D  subregion  control  the 
expression  of  antigens  that  appear  to  be  the  homologues  of  murine  la 
antigens.   Sera  from  multiparous  women  and  allosensltlzed  Individuals  may 
contain  antibodies  predominantly  reactive  to  B  cells  and  monocytes,  and 
such  alloantibodies  have  been  used  to  characterize  human  la-like  antigens. 
These  antigens  exist  as  a  bimolecular  glycoprotein  complex.   They  comprise 
the  so-called  DR  system  of  HLA-antigens.   The  DR  molecules  contain 
framework  antigens  (somtimes  designated  as  non-polymorphic  components), 
which  can  be  detected  by  heteroantiserums  raised  in  rabbits  immunized 
against  B-cell  membrane  glycoproteins  with  a  molecular  weight  of  28,000- 
33,000  daltons.   Heteroantiserums  and  alloantiserums  directed  against 
human  la-like  antigens  appear  to  interact  with  the  same  28,000-33,000 
dalton  glycoprotein  complex  (often  abbreviated  as  p23,30).   By  analogy  to 
murine  systems,  human  la-like  antigens  are  most  readily  evident  on  normal 
(or  neoplastic)  B  cells  and  monocytes.   Human  T  cells  (expecially  after 
exposure  to  activating  stimuli)  express  la-like  antigens. 

In  a  number  of  systems,  antibodies  directed  against  la  antigens  have 
acted  as  potent  inhibitors  of  immune  reactions.   Most  workers  have 
concluded  that  such  antibodies  function  by  directly  interfering  with  B- 
cell  or  monocyte  activity.   During  the  past  year,  we  have  studied  the 
mechanisms  by  which  antibodies  to  human  la  antigens  inhibit  immune 
reactions  in_  vitro. 

Major  Findings; 

We  observed  that  both  alloantibodies  and  heteroantibodies  directed 
against  human  la  antigens  can  function  as  potent  inhibitors  of  humoral 
immunity  in_  vitro.   IgG  class  antibodies  are  effective  inhibitors  at  very 
low  concentrations.   The  inhibitory  capacity  of  such  antibodies  appears 
to  be  critically  dependent  on  the  integrity  of  the  Fc  portion  of  the  IgG 
antibody  molecule. 
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At  relatively  low  concentrations,  we  found  that  the  inhibitory 
activity  of  antibodies  to  la  antigens  requires  the  participation  of  a 
radiosensitive  subset  of  normal  T  cells.   We  learned  that  the  antibodies 
to  la  antigens  were  effective  inhibitors  when  added  to  lymphocyte  cultures 
either  in  soluble  form,  or  attached  to  the  surface  of  macrophages. 
(However,  antibodies  directed  against  non-la  histocompatibility  antigens 
did  not  function  in  this  way.)   Our  data  suggest  that  macrophages  with 
antibodies  to  la  antigens  attached  to  their  surface  membrane  can  serve  as 
a  signal  for  the  activation  of  suppressor  T  cells.   Under  certain 
conditions,  these  suppressor  T  cells  may  have  their  greatest  activity 
against  syngeneic  B  cells.   The  suppressor  T-cell  effect  brought  about  by 
antibodies  to  la  antigens  may  be  mediated  by  soluble  factors  under  some 
experimental  conditions.   These  observations  might  provide  new  approaches 
for  testing  the  role  of  la  antigens  in  the  cellular  in  reacting  that 
control  human  immune  reactions  in  normal  or  pathologic  states. 

SIGNIFICANCE  TO  BIOMEDICAL  RESEARCH 

The  recognition  that  some  T-cell  leukemias  (or  lymphomas)  may  represent 
a  homogenous  proliferation  of  T  cells  which  are  programmed  for  either 
helper  or  suppressor  function  Is  important  for  a  number  of  reasons. 
First,  certain  forms  of  humoral  immune  deficiency  may  be  due  to  a  helper 
cell  deficit,  and  not  totally  due  to  an  intrinsic  defect  in  B  cells 
alone  or  excessive  number  of  suppressor  cells.   It  is  possible  that 
certain  classes  of  neoplastic  cells  or  soluble  products  produced  by  such 
cells  could  prove  useful  In  the  treatment  of  immune  deficient  states  due 
to  thymic  dysfunction.   Similarly,  if  such  helper  cell  factors  could  be 
isolated  (or  synthesized),  they  might  be  useful  in  those  situations 
where  it  is  desirable  to  amplify  a  normal  immune  response,  for  example, 
following  immunizations  or  in  overwhelming  infections.   In  mice,  it  has 
been  possible  to  show  that  there  exists  a  genetically  controlled  Ly-system 
of  membrane  markers  which  may  correlate  with  helper  or  suppressor  function. 
Three  groups  of  T  cells  have  been  identified  in  mice.   One  population 
bears  all  three  of  the  so-called  Ly  determinants  (Ly-1+,  2+,  3+) . 
Another  population  bears  only  Ly-1  determinants  and  a  third  population 
bears  Ly-2,3  determinants.   It  has  been  demonstrated  that  those  cells 
which  are  Ly  1  act  as  helper  cells  under  some  conditions.   In  addition, 
as  already  dicussed,  in  mice  there  is  a  subregion  of  the  I_  portion  of  the 
major  histocompatability  complex  (designated  I-J)  which  may  encode  suppressor 
cell  function  and  certain  suppressor  cell  factors.   Furthermore,  antisera 
raised  against  I-J  encoded  products  may  potentiate  certain  responses. 
Such  anti-I_-J_  antisera  may  apparently  promote  tumor  rejection  in  certain 
systems  presumably  by  eliminating  suppressor  cells  which  Interfere  with 
host  immune  responses  directed  against  lethal  tumors.   The  use  of  neoplastic 
T  cells  as  starting  reagents  for  the  development  of  appropriate  antisera 
or  the  isolation  of  various  factors  may  make  it  possible  to  establish  a 
serological  marker  system  for  human  helper  and  suppressor  function,  and 
may  make  it  possible  to  serologically  manipulate  immune  responses  in 
certain  cancer  patients  to  potentiate  tumor  rejection  or  to  restore 
various  other  elements  of  the  immune  system  (vide  infra) .   Our  preliminary 
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finding  that  antibodies  raised  in  rabbits  immunized  with  human  suppressor-like 
leukemic  T-cells  can  react  with  a  previously  undescribed  antigen  or  set 
of  antigens  expressed  on  cultured  T-cells  with  suppressor  function  (from 
unrelated  individuals)  might  be  viewed  as  a  positive  first  step  in  this 
overall  approach.   The  use  of  such  neoplastic  T  cells  may  also  provide  a 
convenient  probe  to  analyze  human  B  cell  subsets  and  to  elucidate 
human  T-T  interactions  more  fully. 

Turning  to  our  studies  relating  to  multiple  myeloma,  infections  are 
a  very  important  cause  of  morbidity  and  mortality  in  patients  with  multiple 
myeloma.  Moreover,  there  are  strong  data  in  a  number  of  systems  that 
neoplastic  B  cells  and  plasma  cells  may  still  be  susceptible  to  certain 
physiologic  regulatory-cell  control  mechanisms.   Our  results  suggesting 
that  abnormal  suppressor  macrophage  and  T-cell  activity  may  cause  or 
perpetuate  the  immunodeficiency  state  associated  with  this  disease  might 
eventually  form  the  basis  for  new  therapeutic  strategies.   Some  of  these 
potential  strategies  have  already  been  discussed  above. 

Turning  to  our  studies  involving  antibodies  to  human  la  antigens, 
the  knowledge  that  such  antibodies  can  perturb  the  immune  system  in  a  way 
which  favors  the  activation  of  suppressor  T  cells  might  broaden  the 
interpretation  of  a  large  number  of  published  experiments.   Antibodies  to 
la  antigens  may  be  elicited  in  a  number  of  clinical  circumstances  (such 
as  white  cell  transfusion  or  organ  transplantation) .   Perhaps  the  clinical 
observation  that  repetitive  prior  blood  transfusions  (unmatched  for 
leukocyte  antigens)  may  enhance  the  acceptance  rate  in  recipients  of  cadaveric 
renal  transplants  could  be  explained  by  the  generation  of  selected  types 
of  antibodies  to  la  antigens  with  secondary  (protective)  suppressor  cell 
formation.   Recent  observations  suggest  that  la-like  molecules  may  be 
expressed  on  neoplastic  cells  that  do  not  have  a  lymphocyte  origin  (e.g., 
malignant  melanoma  cells) .   These  tumor  associated  la-like  molecules  may 
have  significant  structural  differences  from  normal  autologous  la  molecules. 
Thus,  it  is  conceivable  that  certain  anti-tumor  antibodies  are  directed 
against  la-like  antigens.   It  is  also  conceivable  that  in  some  circumstances 
such  antibodies  could  play  a  role  in  the  generation  of  suppressor  T  cells 
that  are  known  to  be  associated  with  certain  tumors. 

Proposed  Course: 

During  the  coming  year  we  will  continue  our  characterization  of  the 
immunoregulatory  properties  of  lymphocytes  with  T-cell  leukemias  and 
lymphomas.   A  very  high  priority  will  be  given  to  the  development  of 
antisera  or  possible  pharmacologic  agents  affecting  immunoregulatory  cells. 

We  will  continue  our  studies  involving  the  regulatory  cell  abnormalities 
associated  with  plasma  cell  neoplasms.   We  will  attempt  to  define  whether 
the  suppressor  T  cells  seen  in  mice  with  plasma  cell  tumors  bear 
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characteristic  surface  membrane  markers.   We  will  also  attempt  to  define 
the  precise  inter-relationship  between  the  suppressor  macrophages  and 
suppressor  T  cells  observed  in  these  systems. 

Finally,  we  will  make  a  major  committment  to  elucidate  how  antibodies 
directed  against  la  antigens  inhibit  immunity.   This  will  involve  testing 
other  kinds  of  antibodies  to  human  la  antigens  (including  monoclonal 
antibodies  produced  by  somatic-cell  hybridization  and  cloning  technology). 
We  will  attempt  to  define  the  genetic  barriers  that  may  restrict  the 
suppressor  T-cell  activity  induced  by  antibodies  to  la  antigens  either  in 
soluble  form  or  attached  to  macrophage  surface  membranes.   We  will  also 
attempt  to  identify  the  soluble  factor(s)  that  can  mediate  the  suppressor 
T-cell  effect. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  mechanisms  of  determinant-specific  Ir  gene  control  and  of  antigen  recog- 
nition by  immunocompetent  cells  (T  and  B  lymphocytes)  were  explored  at  several 
levels  in  responses  to  myoglobin.  Liver  macrophages ,  pretreated  with  antigen 
and  washed,  were  found  to  mediate  Ir  gene  controlled  presentation  of  selected 
antigenic  determinants  for  T  cell  responses.   Pretreatment  of  these  cells  with 
anti-la  antibodies  not  only  blocked  this  ability,  but  also  induced  suppression 
of  responses  by  untreated  cells.   In  vitro  antibody  responses  to  myoglobin  were 
found  to  be  under  the  same  gene  control,  and  to  be  T-cell  and  macrophage  depen- 
dent. Myoglobin-specif ic  receptors  were  isolated  from  T  cells  and  shown  to  be 
distinct  from  immunoglobulin  and  able  to  bind  myoglobin  in  the  absence  of  la 
antigens.  Monoclonal  antibodies  to  myoglobin  were  prepared  and  their  fine 
specificity  for  different  determinants  defined,  in  order  to  study  their  binding 
sites  in  comparison  with  the  complementary  sites  on  the  antigen.   Thus  it  is 
hoped  to  understand  the  complex  genetically  controlled  regulatory  interactions 
between  T  cells,  B  cells,  and  macrophages  in  the  immune  response  and  the 
biochemical  nature  of  the  several  antigen-specific  receptors  involved. 
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Project  Description: 

Objectives:   The  critical  importance  of  genetic  factors  in  regulating 
the  immune  response,  and  especially  of  genes  which  appear  to  be  specific 
for  particular  antigens  (so-called  immune  response  or  Ir  genes),  has  become 
increasingly  apparent  in  the  last  15  years.   However,  the  mechanism  of 
action  of  these  genes  and  the  nature  of  the  product  encoded  by  them  remain 
unknown.   Most  of  the  Ir  genes  so  far  described  are  linked  to  the  major 
transplantation  or  histocompatibility  gene  complex.   The  primary  objective 
of  this  project  has  been  to  define  the  mechanism  by  which  Ir  genes 
linked  to  these  major  transplantation  antigens  (HLA  in  man  and  H-2  in 
the  mouse)  control  the  immune  response  to  natural  protein  antigens,  with 
the  hope  of  understanding  the  modes  of  recognition  involved  at  this 
regulatory  level,  the  cells  which  participate  and  the  cell  membrane 
receptors  which  mediate  the  regulation. 

Methods  Employed:   Sperm  whale  myoglobin  was  purified  by  the  method  of 
Hapner  et  al. ,  (J.  Biol.  Chem.  243:  683  (1968)).   Fragments  of  myoglobin 
were  prepared  by  CNBr  cleavage  and  chromatographic  purification.   Samples 
of  myoglobins  other  than  sperm  whale  or  horse  were  gifts  of  Professor 
Frank  R.N.  Gurd  (Indiana  University).   TNP-myoglobin  was  prepared  using 
trinitrobenzenesulfonate.   Myoglobin  and  its  fragments  were  radiolabeled 
at  the  N-terminal  alpha-amino  group  with  K-^CNO  or  N-succinimidyl-[2,3-^H] 
propionate.   Antibodies  to  these  were  measured  using  the  polyethylene 
glycol  precipitation  direct  binding  assay  described  previously  (Berzofsky, 
J. A.,  J. Immunol.,  120:360  (1978)).   Antibodies  to  TNP  were  measured 
using  the  same  assay  but  employing  [%]dinitrophenyllysine. 

T-lymphocyte  proliferation  was  studied  by  a  method  based  on  that  of 
Corradin,  Etlinger  and  Chiller  (J.  Immunol.  119,  1048  (1977).   Briefly, 
nylon-wool  passed  T-cells  from  draining  lymph  nodes  of  mice  immunized  s.c.  in 
the  tail   8  days  previously  with  myoglobin  in  Freund's  adjuvant  were 
cultured  for  5  days  in  the  presence  of  varying  concentrations  of  antigen 
(myoglobin  or  fragments).   Proliferation  was  assessed  from  the  amount  of 
methyl-^H-thymidine  incorporated  into  DNA  during  the  final  4  hours  of 
culture.   For  experiments  assessing  macrophage  reconstitution  of  response, 
such  T  cells  were  passed  twice  over  nylon  wool  to  deplete  of  macrophages. 
For  a  source  of  macrophages,  a  method  was  developed  for  purifying  liver 
macrophages  (Kupffer  cells)  by  perfusion  in  situ,  triteration,  treat- 
ment with  collagenase  and  DNase  to  free  the  macrophages,  density  gradient 

centrifugation  over  metrizamide,  glass  adherence,  and  irradiation  with  1500  R 

1  37 
from  iJ'Cs  before  use.   These  were  cultured  with  macrophage  depleted 

T  cells  and  antigen  as  described  above,  or  were  pretreated  with  antigen 

in  culture  medium  at  37°  in  polypropylene  tubes  at  10°  cells/  0.2  ml 

for  one  to  24  hours,  washed  and  then  added  to  macrophage-depleted  T  cells 

without  soluble  antigen  present  during  the  5-day  culture,  to  assess  stimulation 

of  the  T  cells.   In  experiments  to  determine  the  effect  of  anti-la 

antibodies,  dilutions  of  appropriate  antisera  or  monoclonal  hybridoma  culture 

fluids  were  added  during  the  pretreatment  of  the  liver  macrophages  with 

antigen,  and  then  washed  out  before  these  cells  were  mixed  with  T  cells. 
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A  culture  system  for  assessment  of  In  vitro  antibody  responses  to 
myoglobin  and  its  fragments  was  developed  by  a  modification  of  that  of  Mishell 
and  Dutton  (J.  Exp.  Med.  126:  423  (1967)).   Optimum  conditions  were 
determined  to  be  as  follows:   4  X  10°  spleen  cells  from  immunized  mice 
were  cultured  with  0.1  to  1.0  ug  myoglobin  in  1.5  ml  of  supplemented 
RPMI-1640  medium  with  10%  fetal  calf  serum  in  flat-bottom  wells  for  9 
days  at  37°,  6%  CO2,  on  a  rocking  platform.   On  the  fourth  day  one  ml  of 
supernatant  was  exchanged  for  fresh  medium,  and  cultures  were  fed  daily  there- 
after.  On  the  9th  day,  culture  supernatants  were  taken  to  test  for  the  presence 
of  secreted  antibody,  or  else  cells  were  harvested  on  day  6  to  count  antibody- 
secreting  cells  by  the  hemolytic  plaque  method.   Besides  whole  spleen, 
various  cell  mixtures  could  be  cultured.   For  instance,  spleen  cells 
depleted  of  macrophages  by  passage  over  Sephadex  G10  (Hodes  and  Singer, 
Eur.  J.  Immunol.  7_:      892  (1977))  were  cultured  alone  or  with  macrophages 
from  syngeneic  or  semisyngeneic  sources.   Macrophages  were  either  liver 
Kupffer  cells  (described  above),  or  irradiated,  glass-adherent,  splenic 
macrophages.  T  cells  were  eliminated,  where  necessary,  by  treatment  with 
anti-Thy  1.2  antiserum  plus  complement.   T  cells  were  purified,  where 
necessary,  by  removal  of  B  cells  and  macrophages  on  nylon  wool  columns. 

Concentrations  of  antibodies  in  culture  supernatants  were  measured 
by  a  solid  phase  radiobinding  assay.   Wells  of  polyvinyl  chloride  flexible 
microtiter  plates  were  coated  by  incubation  with  50  ul  myoglobin,  100  ug/ml, 
for  1.5  hrs.   Unoccupied  sites  on  the  well  were  saturated  by  a  15  minute 
incubation  with  10%  bovine  serum  albumin.   Then  50  ul  aliquots  of  culture 
supernatants  were  incubated  in  the  wells  for  1.5  hours  and  unbound 
material  washed  out.   Finally,  ^H- labeled,  affinity  purified,  goat  antibody 
to  the  Fab  fragment  of  mouse  IgG  was  incubated  in  the  wells  for  1.5  hrs 
to  bind  to  any  antibody  attached  to  the  myoglobin  on  the  plastic.   All 
incubations  were  carried  out  at  room  temperature,  and  were  followed  by  3 
washes  with  1%  bovine  serum  albumin  in  saline.   Individual  wells  of  the 
plate  were  the  cut  apart  and  radioactivity  determined  by  scintillation 
counting.   Controls  for  nonspecific  binding  were  all  close  to  machine 
background.   A  standard  curve  with  known  antimyoglobin  antibody  was  used 
for  quantitation. 

Antibody  secreting  cells  were  determined  by  a  hemolytic  plaque  method 
using  sheep  erythrocytes  coated  with  trinitrobenzene  sulfonate  or  with 
myoglobin  using  CrCl3 .   The  method,  mixing  cultured  cells  and  erythrocytes 
in  soft  agar  and  detecting  cells  secreting  specific  antibody  by  a  plaque 
of  hemolysis  after  incubation  with  guinea  pig  complement,  was  modified 
from  that  of  Jerne  et  al.(  in  Cell  Bound  Antibodies,  Amos  and  Koprowski, 
eds.,  1963). 

To  attempt  to  detect  antigen-specific  T-cell  receptors,  a  sensitive 
method  was  required  that  did  not  need  anti-immunoglobulin  as  a  developing 
reagent.   Therefore,  the  method  of  Haimovich  etal.  (Biochim.  Biophys. 
Acta  207:  115-  124  (1970))  was  used,  in  which  myoglobin  was  coupled  to  T4 
phage,  which  could  then  be  inactivated  by  antimyoglobin  antibodies.   The 


954 


Z01-CB-04020-04-MET 

dilution  of  antibodies  giving  50%  inhibition  of  phage  plaques  on  a  lawn 
of  E_.  coli  B_  was  taken  as  the  titer.   Specificity  was  verified  by  blocking 
of  the  inhibition  with  excess  myoglobin.   When  a  known  antibody  was  used 
as  the  inhibiting  reagent,  the  assay  could  detect  25  pM  binding  site 
concentrations . 

Hybridoma  monoclonal  antibodies  specific  for  sperm  whale  myoglobin 
were  described  in  the  previous  annual  report  (1978-79).   These  had  high 
affinities,  between  0.7  X  109  and  2.2  X  109  M-1 .   Their  relative  affinities 
for  myoglobins  of  other  species  were  determined  by  competitive 
radioimmunoassays,  in  which  increasing  concentrations  of  competitor  were 
added  to  a  constant  concentration  of  labeled  sperm  whale  myoglobin  (7  nM) 
and  of  monoclonal  antibody  (on  the  order  of  4-6  nM) ,  and  polyethylene 
glycol  (MW  6000,  final  concentration  10%)  used  to  precipitate  all 
immunoglobulin  plus  bound  antigen.   The  concentration  of  competitor 
resulting  in  a  50%  decrease  in  bound/free  ratio  for  labeled  myoglobin  was 
taken  as  a  measure  of  relative  dissociation  constant. 

Major  Findings: 

Background :   We  have  previously  studied  the  in  vivo  serum  antibody 
response  and  in  vitro  T-lymphocyte  proliferative  response  to  a  natural 
protein  antigen,  sperm  whale  myoglobin  (Mb) ,  and  shown  that  both  of 
these  responses  are  controlled  by  the  same  Ir_  genes  (Berzofsky,  J.  A.,  J_. 
Immunol .  120:  360  (1978)).   Using  inbred  strains  of  mice  which  differ 
only  in  the  H-2  complex  (known  as  congenic  strains),  we  demonstrated  that 
two  different  genes,  mapping  in  distinct  subregions  (I-A  and  I-C)  of  the  I_ 
region  of  H-2,  controlled  the  responses  to  different  antigenic  determinants 
(distinct  chemical  sites)  on  the  same  antigen  molecule  -  the  first  example 
of  such  independent  control  of  responses  to  different  chemical  moieties 
on  the  same  protein  molecule.   Moreover,  the  gene  which  controlled  the  T- 
cell  proliferative  response  to  a  given  determinant  of  myoglobin  also 
controlled  the  production  of  antibodies  specific  for  that  same  region  of 
the  molecule  -  an  indication  of  parallel  control  of  T-lymphocyte 
recognition  and  activation  of  B  lymphocytes  with  similar  specificity. 

One  level  at  which  this  Ir-gene-controlled  choice  of  antigenic 
determinants  recognizable  is  mediated  is  the  recognition  by  T- lymphocytes 
of  antigen  in  association  with  cell  surface  structures  on  macrophages, 
which  serve  as  antigen  presenting  cells.   These  surface  structures,  which 
differ  in  different  inbred  strains  of  mice,  are  encoded  by  genes  also 
mapping  in  the  I_  region  of  H-2  ,  and  are  therefore  designated  la  (for  I_- 
associated)  antigens.   In  our  experiments,  myoglobin-immune  lymph  node  T 
cells,  depleted  of  macrophages,  from  (high  responder  X  low  responder)  F^ 
hybrid  mice  were  held  constant  as  the  source  of  responding  (proliferating) 
T  cells,  and  the  cultures  were  reconstituted  with  liver  macrophages  from 
high  responder  parental  mice  with  both  Ir  genes,  low  responder  parental 
with  neither  gene,  or  recombinant  mice  with  only  one  gene  or  the  other. 
We  found  that  the  magnitude  of  response,  and  the  selection  of  which 
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fragments  of  myoglobin  could  stimulate  these  F]_  T  cells  in  vitro  was 
determined  by  the  source  of  the  macrophages,  and  corresponded  exactly  to 
the  response  pattern  of  the  strain  of  mice  from  which  the  macrophages 
were  obtained. 

Current  Results:  In  order  to  further  understand  the  mechanisms 
involved  in  this  macrophage  reconstitution,  we  attempted  to  present 
antigen  to  responding  immune  T  lymphocytes  by  adding  macrophages  precultured 
with  the  antigen  and  then  washed  to  remove  all  soluble  antigen.   Not 
only  could  such  macrophages  present  antigen,  but  also  their  ability  to 
present  antigen  increased  with  increasing  duration  of  preculture  up  to 
20  hours.   In  addition,  we  found  a  close  correspondence  between  the 
proliferation  induced  by  macrophages  incubated  for  20  hours  with  a  given 
concentration  of  antigen,  and  the  proliferation  induced  by  that  concentration 
of  antigen  present  throughout  the  5-day  culture  with  T  cells  and  macrophages. 
We  concluded  that  the  concentration-dependence  of  antigen-stimulated 
T-cell  proliferation  is  due  to  the  amount  of  antigen  taken  up  by  the 
macrophages,  not  a  direct  effect  on  the  T  cells. 

We  next  determined  the  genetic  control  of  antigen  presentation  by 
pretreated  macrophages.   In  the  absence  of  soluble  antigen,  such  precultured 
parental  macrophages  bearing  antigen  led  to  the  same  genetic  control  of 
response  of  (high  responder  X  low  responder)  F^  T  lymphocytes  as  seen  when 
soluble  antigen  was  used  in  the  earlier  experiments.   Moreover,  the  same 
pattern  of  stimulation  with  fragments  (now  bound  to  macrophages)  was 
observed.   (Strains  bearing  the  high  responsiveness  d_  allele  in  I-G  could 
present  fragment  (1-55)  but  not  fragment  (132-153),  whereas  strains 
bearing  the  d  allele  in  I -A  could  present  both  fragments  to  F]_  T  cells.) 
Thus,  antigen  presentation  by  macrophages  is  one  level  at  which  such  Ir- 
gene  controlled  determinant  recognition  occurs. 

To  look  at  the  role  of  la  antigens  on  the  macrophages  in  this 
presentation,  we  used  antibodies  specific  for  these  cell  surface  structures 
to  block  these  during  preculture  of  macrophages  with  antigen.   Antibodies 
directed  against  la  antigens  mapping  in  the  same  I_-subregions  as  the  Ir_ 
genes  for  myoglobin,  when  present  during  the  pretreatment  of  macrophages 
with  myoglobin,  prevented  subsequent  antigen-presentation  by  these 
macrophages  to  immune  T  cells,  even  though  the  macrophages  were  extensively 
washed  free  of  soluble  antibodies.   Antibodies  to  determinants  encoded  in 
other  regions  of  H-2  did  not  inhibit  antigen  presentation.   These  results 
demonstrate  that  to  block  a  T  cell  proliferative  response,  interaction  of 
anti-la  antibodies  with  the  antigen-presenting  macrophages,  rather  than 
the  T  cells,  is  sufficient.   A  surprising  finding  was  that  such  anti-la 
antibody-pretreated  macrophages  could  suppress  the  proliferative  response 
of  immune  T  cells  cultured  with  soluble  myoglobin  and  untreated  macrophages. 
Genetic  controls  ruled  out  simple  transfer  of  anti-la  from  the  pretreated 
macrophages  to  the  untreated  ones  in  the  test  culture  being  suppressed, 
since  the  test  culture  could  consist  of  Fj_  T  cells  and  antigen  presenting 
cells  of  one  strain,  while  the  suppressing  macrophages  of  the  other  strain 


956 


Z01-CB-04020-04-MET 

could  be  pretreated  with  antiserum  unable  to  react  with  the  normal 
macrophages  in  the  test  culture.   The  induction  of  such  suppression  may 
be  one  mechanism,  besides  simply  covering  up  surface  la  antigens,  by 
which  anti-la  antibodies  can  block  a  T  cell  proliferative  response. 

The  limitation  of  T  cell  proliferative  responses  is  that  they  involve 
only  T  cells  and  macrophages,  not  B  lymphocytes  which  produce  antibody. 
In  order  to  study  the  mechanisms  of  determinant-specific  Ir_  gene  control 
of  the  antibody  response  to  myoglobin  in  vitro,  we  have  developed  a 
modified  Mishell-Dutton  culture  system  in  which  secreted  antibody  specific 
for  myoglobin  can  be  measured  in  the  culture  supernatants  by  a  solid 
phase  radioimmunoassay.   We  have  found  this  in  vitro  antibody  synthesis 
to  be  under  the  same  apparent  Tr  gene  control  as  the  in  vivo  antibody 
and  in  vitro  T-cell  responses.   In  addition,  it  is  macrophage  and  helper 
T-cell  dependent,  as  shown  by  experiments  depleting  these  cells.   Another 
approach  to  studying  the  activation  of  myoglobin-specif ic  B  cells,  is  to 
coculture  myoglobin-immune  T  cells  with  trinitrophenyl  (TNP)-keyhole 
limpet  hemocyanin  (KLH)-immune  B  cells,  plus  TNP-myoglobin  as  antigen, 
and  to  measure  the  TNP  specific  antibody  response.   In  preliminary 
experiments  of  this  sort  the  helper  T  cells  specific  for  myoglobin  also 
appear  to  be  under  the  same  Tr  gene  control  as  that  described  above. 
These  in  vitro  antigen-specific  antibody-producing  cultures  should  provide 
an  excellent  system  in  which  to  dissect  the  cellular  interaction  mechanisms 
in  Ir  gene  regulation  of  immune  responses. 

In  order  to  test  our  hypothesis  that  T-cell  help  for  B-cell  antibody 
responses  to  hapten-carrier  complexes  requires  that  the  hapten  be  in 
appropriate  proximity  to  the  carrier  determinant  recognized  by  the  T 
cell,  we  studied  responses  to  TNP-myoglobin.   Since  we  have  some  knowledge 
of  the  determinants  of  myoglobin  recognized  by  helper  T  cells  from  mice 
of  different  H-2  types,  TNP-myoglobin  should  be  a  useful  model  antigen. 
Antisera  made  upon  immunization  with  TNPg-myoglobin  reacted  with  TNP-lysine, 
but  not  with  native  myoglobin.   Nevertheless,  the  amount  of  anti-TNP 
antibody  made  appeared  to  be  controlled  by  the  I_r_  genes  for  myoglobin,  in 
high,  intermediate  and  low  responder  strains.   In  contrast  to  the  antibodies 
made,  T  cells  from  high-responder  mice  immunized  with  TNPs-myoglobin 
responded  to  native  myoglobin  also,  as  has  been  observed  by  others  using 
other  antigens.   However,  intermediate  responder  mice  bearing  only  one  of 
the  myoglobin  Ir  genes  (that  in  I-C) ,  when  immunized  with  TNPg-myoglobin 
produced  T  cells  responding  to  TNPg-myoglobin  but  not  native  myoglobin. 
This  unusual  result  may  reflect  the  very  limited  number  of  antigenic 
determinants  on  native  myoglobin  recognized  by  the  mice  bearing  only 
one  of  the  myoglobin  I_£  genes. 

Central  to  the  mechanism  of  Ir-gene  control  is  the  nature  of  the  T- 
lymphocyte  receptor  or  receptors  which  recognize  antigen  in  association 
with  la  molecules  on  the  macrophage  surface.   In  contrast  to  B  lymphocyte 
receptors,  which  are  immunoglobulin,  T-cell  receptors  have  not  been  isolated 
in  a  pure  state  or  well  characterized.   Detection  of  T  cell  receptors  as 
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antigen-binding  molecules  requires  a  sensitive  assay  which  does  not  depend 
on  a  second  developing  reagent,  such  as  anti-immunoglobulin.   We  have  used 
myoglobin  coupled  to  T4  phage  to  detect  receptors  by  their  ability  to 
inactivate  the  phage.   This  method  can  detect  25  pM  antigen  binding 
site  concentrations.   By  this  method,  we  have  now  detected  myoglobin- 
binding  receptors  in  sonicates  of  nylon-column  purified  T  lymphocytes 
from  lymph  nodes  of  mice  immunized  with  myoglobin.   The  T  cell  origin  of 
the  activity  was  shown  by  its  enrichment  in  purified  T  cell  populations 
and  its  marked  reduction  when  T  cells  were  eliminated  with  anti-Thy  1 
antibody  plus  complement.   The  activity,  which  could  be  purified  from 
sonicates  by  binding  to  a  myoglobin  column,  did  not  bind  to  an  anti-mouse 
immunoglobulin  column.   The  titers  of  T  cell  receptors  from  immunized 
mice  followed  the  same  Ir  gene  control  (mapping  in  I -A  and  I-C)  as  the  T- 
cell  proliferative  responses  when  a  series  of  high,  low  and  intermediate 
(recombinant)  H-2  congenic  strains  were  tested  —  presumably  a  reflection 
of  the  degree  of  clonal  expansion  in  these  strains.   The  binding  activity  was 
competitively  inhibited  by  free  myoglobin  but  not  by  other  proteins.   Using 
this  approach  we  hope  to  purify  and  characterize  these  receptors  and  determine 
their  relationship  to  B  cell  immunoglobulin  (by  fine  specificity  and  by 
idiotype)  and  to  la  and  receptors  for  la  molecules.   As  a  further  tool 
for  large  scale  purification  of  monoclonal  T  cell  receptors,  we  are 
attempting  to  produce  monoclonal  hybridoma  T  cell  tumor  lines  bearing  such 
receptors.   Only  by  biochemical  characterization  of  the  receptors  and 
cellular  interaction  molecules  will  the  mechanism  of  Ir_  gene  action  be 
elucidated. 

With  such  ideas  in  mind  we  have  also  begun  a  study  to  characterize 
the  nature  of  immunoglobulin  binding  sites  specific  for  myoglobin. 
Essentially  the  only  antibody  sites  well  characterized  are  those  of 
certain  homogeneous  myeloma  proteins  which,  although  inherently  of  unknown 
specificity,  were  found  by  screening  to  bind  specific  small  haptens,  such 
as  dinitrophenyl.   No  sites  specific  for  protein  antigens  have  been 
characterized.   Using  the  recently  introduced  technology  of  hybrid  cell 
lines  (hybridomas)  made  by  fusing  immune  splenic  B  cells  with  a  nonsecreting 
plasmacytoma  tumor,  we  have  isolated  12  single  clones  of  tumor  cells 
secreting  specific  anti-myoglobin.   The  supernatent  antibodies  manifest 
linear  Scatchard  plots,  expected  for  homogeneous  antbodies ,  and  affinities 
from  0.7  to  2.2  X  10%~1,  significantly  higher  than  most  myeloma  proteins. 

Although  they  do  not  bind  to  either  of  the  fragments  (1-55)  or  (132-153) 
of  myoglobin  tested,  they  crossreact  with  a  variety  of  myoglobins  from 
other  species.   Using  a  competitive  binding  radioimmunoassay  we  have 
determined  the  relative  affinities  of  six  of  the  monoclonal  antibodies 
for  seven  different  myoglobins  from  other  species,  which  differ  from  sperm 
whale  myoglobin  at  known  amino  acid  residues.   These  data  are  being  used 
to  pinpoint  the  antigenic  sites  on  myoglobin  for  which  each  antibody  is 
specific.   Then  we  should  be  able  to  compare  the  sequence  of  the  combining 
site  of  the  pure  antibody  with  that  of  the  site  on  myoglobin  with  which  it 
interacts  -  never  before  possible  for  a  protein  antigen.   In  addition,  we 
are  raising  anti-idiotypic  antisera  (i.e.,  sera  specific  for  the  variable 
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region  of  an  Individual  immunoglobulin)  against  these  monoclonal  antibodies 
as  well  as  against  affinity-column-purified  serum  antimyoglobin  antibodies 
from  several  strains  of  mice.   These  should  allow  us  to  compare  serologically 
the  combining  sites  of  immunoglobulins  with  those  of  T  cell 

receptors,  described  above.   The  anti-idiotypic  antibodies  should  also  be  useful 
for  characterizing  receptors  on  cells  involved  in  the  in  vitro  responses 
described  above,  under  Ir  gene  control. 

Finally  we  have  found  that  responses  to  myoglobins  from  several 
other  species  are  under  control  of  Ir_  genes  distinct  from  those  controlling 
responses  to  sperm  whale  myoglobin.   One  of  these  (equine  myoglobin) 
appears  to  require  complementing  Ir_  genes .   Comparing  these  differences 
with  the  known  sequence  differences  of  the  several  myoglobins  should  help 
define  the  specificity  of  Ir_  gene  control. 

Significance  to  Biomedical  Research:   The  observation  that  liver 
macrophages  (Kupffer  cells),  pretreated  with  antigen,  can  present  antigen 
to  T  lymphocytes  to  Induce  a  normal  T  lymphocyte  proliferative  response 
under  Ir_  gene  control  determined  by  the  source  of  the  macrophages,  not 
the  T  cells,  has  implications  both  for  the  function  of  Kupffer  cells  and 
for  the  mechanisms  of  Ir_  gene  control.   Because  antigen  administered  via 
the  gastrointestinal  tract  had  been  shown  to  induce  tolerance,  rather 
than  immunity,  the  liver  Kupffer  cell  was  postulated  to  process  antigen 
differently  from  other  macrophages   (e.g.,  splenic  macrophages).   However, 
we  have  seen  that  Kupffer  cells  function  like  other  macrophages  in 
mediating  a  normal  immune  response  to  myoglobin,  and  further,  these 
cells  define  the  fine  specificity  of  that  response.   Second,  the  ability 
of  the  macrophage,  bearing  antigen,  to  determine  which  antigenic  determinants 
of  myoglobin  can  be  recognized  by  T  lymphocytes  according  to  the  lr_  gene 
phenotype  of  the  macrophage  source,  implies  that  the  macrophage,  while 
not  antigen-specific  in  the  same  sense  as  T  and  B  cells,  selects  which 
clones  of  determinant-specific  T  cells  are  activated,  and  so  plays  a 
major  role  in  Ir  gene  control.   We  believe  that  this  interaction  depends 
on  T-cell  recognition  of  antigenic  determinants  in  association  with  la 
antigens  on  the  macrophage,  and  that  the  phenotypic  Lr  gene  defects  result 
from  the  absence  of  clones  in  the  T  cell  repertoire  with  combined 
specificity  for  a  particular  antigenic  determinant  plus  a  particular  la. 

In  order  to  determine  whether  such  a  gap  in  the  T  cell  repertoire 
would  manifest  itself  also  in  failure  to  help  a  B  cell  bearing  certain  la 
antigens  respond  to  a  particular  antigen,  the  antibody  response  to  which 
is  under  Ir  gene  control,  we  have  developed  a  culture  system  for  measuring 
in  vitro  antibody  synthesis  to  myoglobin.   These  studies  are  hoped  to 
extend  our  understanding  of  Ir  gene  mechanisms  to  those  in  antibody 
responses . 

Since  we  believe  that  Ir_  gene  control  is  mediated  by  T- lymphocyte 
recognition  of  antigen  plus  la  on  antigen-presenting  macrophages  and 
responding  B  cells,  and  since  the  nature  of  the  receptors  on  T  lymphocytes 
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is  still  largely  a  mystery,  we  believe  that  our  attempts  to  isolate  and 
characterize  such  a  receptor,  specific  for  myoglobin,  should  greatly 
improve  our  understanding  of  these  Ir_  gene-controlled  recognition 
mechanisms.   The  fact  that  we  can  isolate  receptors  which  bind  myoglobin 
in  the  absence  of  la  antigens  strongly  mitigates  against  any  hypothesis 
which  requires  T  cells  to  recognize  only  the  combination  of  antigen  plus 
la,  but  neither  alone  (e.g.,  neoantigenic  determinant  hypothesis). 

In  addition,  the  ability  to  block  macrophage  presentation  of  antigen 
by  pretreatment  with  antibodies  specific  for  the  relevant  la  antigens 
might  suggest  that  it  is  the  la  antigens  themselves  on  the  macrophages, 
rather  than  other  genetically  linked  structures,  which  are  involved  in 
antigen  presentation.   On  the  other  hand,  the  observation  that  such  anti- 
la  pretreated  macrophages  can  induce  suppression  of  a  normal  response 
indicates  that  such  blocking  studies  cannot  necessarily  be  interpreted  so 
simply  as  covering  up  an  antigen  presenting  structure.   This  result  raises 
questions  about  the  interpretation  of  earlier  studies  in  which  anti-la 
antibodies  were  present  during  the  entire  course  of  the  response. 

Finally,  the  protein  chemical  studies  of  monoclonal  antibodies  to 
myoglobin  should  tell  us  much  about  the  nature  of  binding  sites  on 
proteins  specific  for  other  proteins,  rather  than  small  ligands.   These 
and  the  idiotype  studies  can  potentially  elucidate  the  relationship  of 
binding  sites  on  T  cells  and  B  cells  specific  for  the  same  antigen. 

All  of  these  studies  are  hoped  to  ultimately  shed  light  on  the 
mechanisms  and  role  of  genetic  controls  on  immune  responses  which  play  a 
role  in  human  disease,  whether  they  be  normal  host  defenses,  excessive 
responses  which  escape  control  (in  autoimmune  disease),  or  deficient 
responses,  as  in  malignancy  or  immunodeficiency  diseases. 

Proposed  Course:   The  cell  interactions  which  lead  to  Ir  gene  control 
and  antigen  specificity  in  antibody  responses  are  to  be  explored  in  the 
newly  developed  in  vitro  myoglobin  specific  antibody  synthesizing  cultures. 
In  addition  to  the  extra  dimension  introduced  by  the  third  cell  type,  the 
B  cell,  in  addition  to  the  T  cell  and  macrophage,  these  cultures  can  be 
analyzed  further  than  the  T-cell  proliferative  ones  because  the  products 
of  the  response,  soluble  immunoglobulin,  can  be  examined  for  fine 
specificity,  idiotype,  affinity  and  subclass.   The  mechanism  of  induction 
of  suppression  by  anti-la  pretreated  macrophages,  and  their  role  in 
antibody  producing  systems  as  well,  will  be  explored.   The  isolated  T- 
cell  receptors  are  being  studied  for  their  fine  specificity  —  both  the 
genetic  control  thereof,  and  the  relationship  to  antibody  fine  specificity. 
In  addition,  their  biochemical  structure  will  be  examined  to  the  extent 
possible  with  the  quantities  that  can  be  made.   With  this  problem  in 
mind,  monoclonal  neoplastic  T-cell  hybridomas  bearing  myoglobin  specific 
receptors  are  being  prepared.   If  such  stable  clones  can  be  made,  the 
protein  chemistry  of  T  cell  receptors  for  antigen  will  be  much  more 
amenable  to  study,  as  will  be  the  molecular  genetics  of  the  genes  encoding 
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these  receptors.   Finally,  the  monoclonal  antibodies  to  myoglobin,  once 
the  characterization  of  fine  specificity  for  amino  acid  sequences  on 
myoglobin  is  complete,  should  be  sequenced  to  compare  the  amino  acid 
sequences  of  the  complementary  structures  on  the  protein  antigenic  deter- 
minant and  the  antibody  combining  site  -  a  task  not  previously  possible. 

The  production  of  antibodies  specific  for  these  combining  sites 
(so-called)  anti-idiotypic  antibodies)  will  be  used  to  compare  these  sites 
with  their  analogues  on  the  isolated  T-cell  receptors. 
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SUMMARY  REPORT 

LABORATORY  OF  PATHOLOGY 

DIVISION  OF  CANCER  BIOLOGY  AND  DIAGNOSIS 

NATIONAL  CANCER  INSTITUTE 

October  1,  1979  to  September  30,  1980 


The  Laboratory  of  Pathology  is  responsible  for  the  diagnostic  services 
in  Pathological  Anatomy  for  the  Clinical  Center  of  the  NIH  and  has  research 
programs  in  various  areas  of  experimental  pathology.   The  Laboratory  is 
divided  into  9  sections: 

A.  Surgical  Pathology  and  Postmortem  Section 

B.  Cytopathology  Section 

C.  Hematopathology  Section 

D.  Ultrastructural  Pathology  Section 

E.  Comparative  Oncology  Section 

F.  Viral  Oncology  and  Molecular  Pathology  Section 

G.  Quantitative  Cytology  Section 

H.   Pathological  Technological  Section 
I.   Image  Processing  Unit 

A.    Surgical  Pathology  and  Postmortem  Section 

Dr.  Jose  C.  Costa  together  with  Drs.  G.W.  Brodkey  and  J.M.  Kissane,  the 
residents,  staff  pathologists  from  the  Laboratory  of  Pathology  plus 
Dr.  A.W.  Cheever  (NIAID) ,  Dr.  W.C.  Roberts  (NHLBI),  Dr.  K.J.  Stromberg  (NCI), 
Dr.  L.A.  Liotta  (NCI),  and  Dr.  P.E.  McKeever  (NINCDS)  were  responsible  for  the 
surgical  pathology  and  autopsy  diagnostic  services.   6,593  surgical  specimens 
or  biopsies  were  accessioned  in  the  past  year.   171  autopsies  were  accessioned 
(18  of  these  were  submitted).   These  specimens  involved  the  preparation  of 
65,566  slides,  including  42,791  H&E  stained  sections,  7,045  special  stains 
and  590  frozen  sections.   Clinicopathological  studies  in  pulmonary  vasculitis, 
midline  granuloma  syndrome,  in   situ  breast  cancer,  inflammatory  breast  cancer, 
histochemical  markers  in  soft  tissue  tumors  of  striated  muscle,  and  prognostic 
significance  of  grading  are  being  completed  or  are  in  progress. 

Many  specimens  of  fresh  human  tissues,  including  the  eyes  which  are  regu- 
larly removed  during  a  complete  autopsy,  are  furnished  to  NIH  scientists  in 
various  laboratories. 

Conferences  with  individual  clinicians  and  surgeons  from  the  various 
Institutes  are  an  important  part  of  the  care  and  study  of  patients  in  the 
Clinical  Center.   Regular  gross  specimen  reviews  of  organs  removed  at  autopsy 
are  conducted  by  the  staff  and  most  surgical  specimens  are  discussed  at  the 
weekly  Surgical  Pathology  Conference  conducted  by  Dr.  Costa,  residents  and 
staff.   In  addition,  the  staff  participates  in  other  regular  conferences  in- 
cluding Pediatric  Oncology  Tumor  Conference  (Dr.  Triche) ,  Hematopathology 
and  Lymphoma  Staging  Conferences  (Dr.  Berard,  Dr.  Jaffe  and  staff),  a  monthly 
Neuropathology  Conference  (Dr.  Valsamis)  and  conferences  on  Sarcoma  Staging, 
Surgical  Morbidity  and  Mortality,  Medicine-Radiation  Therapy  (Dr.  Costa  and 
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staff).   The  staff  and  residents  present  selected  autopsies  at  monthly  clinico- 
pathologic  conferences  (e.g.  NCI  -  Dr.  Costa,  NHLBI  -  Dr.  Roberts).   Weekly 
slide  presentations  by  the  residents  using  current  surgical  and  autopsy  cases 
are  held  as  a  part  of  their  training  program. 

B.   Cytopathology  Section 

This  section  provides  diagnostic  services  in  cytology  (both  exfoliative 
and  fine  needle  aspiration)  and  medical  genetics.   The  chromosomal  analysis 
includes  conventional  and  special  banding  techniques  (C-,  G-,  and  R-bands) 
for  the  examination  of  individual  chromosome  pairs.   During  the  year,  approxi- 
mately 4,000  cytology  specimens  were  accessioned.   These  represent  over  8,000 
smears  examined  and  reported.   A  little  less  than  1/4  were  cervical  and  vaginal 
specimens;  3/4  were  other  types  of  specimens  including  ascitic,  pleural, 
gastric,  spinal  fluids,  bronchial  specimens  (both  brushing  and  washing),  sputum 
and  fine  needle  aspirations. 

In  addition  to  the  diagnostic  reports,  the  staff  of  this  section  collabor- 
ates closely  with  the  clinical  and  surgical  staff  in  various  research  projects. 
For  example,  1.   CSF  evaluation  of  leukemic  patients  to  assess  the  therapeutic 
effects  reflecting  the  degree  of  relapse  or  remission;  2.   Chemotherapy  effects 
(especially  Cytoxan)  on  the  GU  tract  as  seen  in  urine  specimens;  3.   Cherao- 
therapeutic  and  radiation  effects  on  the  exfoliative  cells  (egs.  sputum, 
fluids,  vaginal  smears,  etc.);  4.   Maturation  index  in  precocious  babies.   Cyto- 
logical  methods  are  also  used  in  support  of  collaborative  research  with  other 
scientists  in  NIH. 

Dr.  Chu  also  serves  on  the  staff  of  Tutorial  on  Clinical  Cytology  spon- 
sored by  IAC,  ASC,  ASCP  and  AARM.   She  gives  lectures  and  workshops  on  Fine 
Needle  Aspiration. 


C.   Hematopathology  Section 

Drs.  Berard,  Jaffe,  Cossman,  Crabtree,  Kant,  and  a  Fogarty  International 
Fellow,  Dr.  Miliauskas  from  Australia,  have  major  programs  in  diagnostic  and 
experimental  studies  of  neoplastic  and  non-neoplastic  lesions  of  the  lympho- 
reticular  and  hematopoietic  systems.   Dr.  Berard  has  a  large  number  of  re- 
ferral cases  of  suspected  malignant  lymphomas  including  50  cases  from  the 
Eastern  Cooperative  Oncology  Group  submitted  to  him  as  Regional  Pathologist 
for  the  Pathology  Panel  for  Lymphoma  Clinical  Trials  and  809  cases  submitted 
for  diagnostic  consultation  from  pathologists  in  the  United  States  and  foreign 
countries.   In  addition,  he  and  his  staff  are  responsible  for  the  diagnostic 
reports  and  staging  conferences  on  cases  of  malignant  lymphoma  admitted  to 
various  clinical  services  in  the  Clinical  Center. 

Fresh  biopsy  tissues  have  been  frequently  available  from  Clinical  Center 
cases  and  during  the  past  year  more  than  100  such  specimens  were  used  for 
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special  immunologic,  histochemical,  immunohistochemical,  cytochemical,  and 
ultrastructural  studies.   This  is  a  very  productive  program  as  indicated  by 
the  relatively  prolific  number  of  publications  (see  attached  list  of  pub- 
lications).  Included  were  studies  on  the  immunologic,  histochemical,  morpho- 
logic, and  kinetic  features  of  non-Hodgkin's  lymphomas  of  all  subtypes,  acute 
lymphoblastic  leukemia,  and  non-neoplastic  lymphoproliferative  disorders. 
Clinicopathologic  studies  were  published  on  leukemic  progression  of  non- 
Hodgkin's  lymphoma,  the  Eastern  Cooperative  Oncology  Group  experiences  with 
the  Rappaport  classification  of  non-Hodgkin's  lymphomas,  and  nodular  mixed 
lymphomas  —  response  and  survival. 

Drs.  Berard,  Jaffe,  Crabtree  and  Cossman  were  each  invited  to  give  sev- 
eral lectures  and/or  seminars  at  scientific  meetings.   Drs.  Berard  and  Jaffe 
continue  to  serve  as  faculty  members  for  the  Tutorials  on  Neoplastic  Hemato- 
pathology  organized  by  the  Center  for  Continuing  Education  of  the  University 
of  Chicago  under  the  scientific  direction  of  Dr.  Henry  Rappaport.   These  edu- 
cational efforts  have  been  ongoing  for  several  years  and  are  mentioned  in 
previous  annual  reports.   The  developments  in  the  diagnosis  and  classification 
of  the  malignant  lymphomas  have  been  particularly  dynamic  during  the  past 
several  years  because  of  rapidly  increasing  knowledge  about  the  functional 
characteristics  of  the  normal  and  neoplastic  cells  of  the  lympho reticular  and 
hematopoietic  systems.   Dr.  Berard,  Dr.  Jaffe,  and  their  associates  have  made 
major  contributions  to  this  increased  knowledge  and  also  have  participated  in 
many  national  and  international  meetings,  symposia,  and  tutorials  to  bring 
this  new  information  to  practicing  pathologists,  clinical  hematologists- 
oncologists,  and  basic  scientists  in  North  America,  Europe,  Australia,  and 
the  Middle  East.   These  facts  are  cited  in  order  to  stress  the  importance  and 
magnitude  of  their  teaching  efforts  nationally  and  internationally  and  the 
impact  that  these  efforts  have  had  on  the  field  of  neoplastic  hematopathology. 

Drs.  Berard,  Jaffe,  Cossman,  Kant,  Crabtree,  and  Miliauskas  participate 
fully  in  other  activities  of  the  Laboratory  of  Pathology  including  the  teach- 
ing of  residents  and  the  preparation  of  weekly  Oncology  (Thursday  morning) 
and  Lymphoma  Staging  (Friday  afternoon)  conferences.   Dr.  Jaffe  is  in  charge 
of  the  departmental  residency  selection  program.   Dr.  Berard  serves  as  project 
officer  for  five  large-scale  contracts  awarded  by  NCI's  Division  of  Cancer 
Treatment  to  evaluate  newly  proffered  classifications  of  non-Hodgkin's  lymph- 
omas.  These  contracts  involve  clinicopathologic  review  of  1,175  cases  at 
four  institutions  by  a  panel  of  12  expert  hematopathologists,  of  which 
Dr.  Berard  is  also  a  member.   In  addition,  Dr.  Berard  has  served  as  a  member 
of  an  Ad  Hoc  Pathology  Working  Group  organized  to  advise  the  National  Cancer 
Institute  on  mechanisms  and  guidelines  for  pathologic  review  of  human  case 
material. 


D.   Ultrastructural  Pathology  Section 

This  section  provides  diagnostic  electron  microscopy  services  for  a  di- 
verse group  of  Clinical  Center  physicians,  including  NCI,  NIAMDD,  NHLBI, 
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NIAID,  and  NINDS,  as  well  as  submitted  cases  from  outside  physicians.   This 
past  year  188  cases  were  accessioned;  over  125  were  processed  and  diagnosed. 
The  service  is  now  housed  in  a  separate  module  and  is  essentialy  self-con- 
tained, which  provides  a  convenient  reference  point  for  all  diagnostic  EM 
cases,  including  facilities  to  examine  the  cases  as  well  as  all  records, 
tissues,  etc.   Mr.  Michelitch  has  organized  this  space  and  equipment  into  a 
highly  efficient  facility  which  can  process  tissues  within  the  day  when 
necessary,  and  which  generally  provides  a  one  week  response  time  for  routine 
cases.   This  facility  also  provides  diagnostic  training  and  clinical  research 
opportunities  for  the  residents.   Dr.  Reichert,  for  example,  has  pursued  a 
study  of  the  effects  of  cis-platinum  therapy  on  peripheral  nerve  structure. 
Dr.  Martin  is  studying  lymphoid  tissues  from  lymphoma  patients  and  will  soon 
be  studying  tumor  tissue  from  rhabdomyosarcoma  patients.   Dr.  Wu,  a  visiting 
Chinese  pathologist,  is  learning  diagnostic  EM  with  Dr.  Triche's  assistance. 
Dr.  Miliauskis,  a  visiting  pathologist  with  the  Hematopathology  Section,  is 
also  acquiring  diagnostic  EM  expertise  in  this  facility.   It  thus  appears  to 
be  serving  well  its  intended  purpose  as  a  diagnostic  and  teaching  facility 
for  clinically  relevant  electron  microscopy.   In  addition,  it  has  provided  the 
electron  microscopic  equipment  resources  necessary  for  Dr.  Garvin's  research 
in  this  section,  Dr.  Chau's  work  with  Dr.  Costa  in  the  Viral  Oncology  and 
Molecular  Pathology  Section,  and  Dr.  MaryAnna  Henkart's  work  in  the  Laboratory 
of  Immunology,  NCI. 

Dr.  Triche  has  continued  a  fruitful  collaboration  with  Dr.  Chaviva  Carter 
(and  Dr.  Henry  Metzger)  in  NIAMDD.   A  study  of  the  effect  of  IgE  cross  linking 
was  initiated  this  year,  following  completion  of  studies  on  the  fate  of  mono- 
meric  IgE  on  rat  basophil  leuekmia  cells  last  year,  which  indicated  IgE  was 
slowly  shed  but  never  (within  72  hours)  internalized  when  crosslinked  (by 
dimethyl  suberimidate  in  this  case).   Further,  this  phenomenon  is  independent 
of  histamine  release,  since  dimerized  IgE  is  internalized  as  well  as  larger 
oligomers  yet  fails  to  elicit  exocytosis  of  histamine  granules.   The  ultimate 
fate  of  these  receptor-IgE  complexes  is  under  active  investigation.   Preliminary 
data  indicate  a  novel  mechanism  for  disposition,  quite  unlike  the  lysosomal 
destruction  or  receptor  reshuttling  recently  reported  in  other  related  systems 
such  as  the  insulin  receptor,  LDL  receptor,  or  asialoglycoprotein  receptor. 
This  complex  also  appears  to  differ  in  its  disposition  from  the  IgG-Fc  receptor 
complex.   Recent  work  by  Dr.  David  Segal  has  demonstrated  the  presence  of  an 
Fc  y    receptor  on  these  cells.   Our  studies  have  shown  independent  binding  of 
immunoglobulin  and  disposition  of  immunoglobulin-receptor  complexes  by  these 
cells;  IgG-Fc^  complexes  appear  to  be  routed  to  the  phagosome-lysosome  com- 
partment, while  IgE-Fc£_  complexes  are  not.   Other  related  studies  on  normal 
mast  cells  utilizing  a  monoclonal  IgE  with  known  antigen  binding  capability 
are  commencing. 

Work  on  human  tumor  tissue  and  human  tumor  cells  in  vitro  continues  with 
Dr.  Dickman  and  Dr.  Liotta.   Significant  progress  in  the  detection  and  quali- 
tative analysis  of  the  matrix  proteins  fibronectin  and  collagen  has  been  made. 
Ewing's  sarcoma,  for  example,  appears  to  synthesize  no  fibronectin,  as  ex- 
pected, but  does  synthesize  a  unique  array  of  collagen  types  (I,  III,  and  IV), 


966 


Laboratory  of  Pathology,  DCBD,  NCI 

not  detected  in  any  other  tumor  studied  or  reported.   In  contrast,  a  human 
fibrosarcoma  which  has  been  cloned  synthesizes  FN  only  in  some  clones;  all 
clones  and  the  uncloned  tumor  produce  almost  exclusively  type  III  collagen. 
A  variety  of  other  tumors  and  their  cultured  progeny  are  also  being  studied, 
and  preliminary  results  support  a  strong  association  between  tissue  of  origin 
and  collagen  type  synthesis  -  ie,  osteosarcoma,  of  bone  origin  (type  I 
collagen),  synthesizes  almost  exclusively  type  I  collagen. 

A  variety  of  other  projects  are  underway,  as  detailed  in  specific  project 
reports. 

Dr.  Garvin's  research  continues  on  the  secretion  and  uptake  of  lysosomal 
enzymes  by  human  diploid  fibroblasts  in  culture.   He  has  been  examining  the 
effects  of  culture  conditions,  transforming  agents,  and  "lysosomotropic"  drugs 
(such  as  chloroquine)  on  the  GERL  (Golgi  apparatus,  endoplasmic  reticulum,  and 
lysosomes),  using  light  (fluorescent)  and  electron  microscopic  histochemical 
techniques.   He  has  also  attempted  to  identify  the  receptor  for  lysosomal 
enzyme  uptake  (specifically,  iduronidase) ,  utilizing  antibody  methods,  in- 
cluding derivatized  ferritin  conjugates.   He  has  also  attempted  to  localize 
the  enzyme  intracellularly  by  immunofluorescence  and  immunoelectron  microscopy. 

Dr.  Zopf's  research  on  structure  and  immuno chemistry  of  complex  carbo- 
hydrates is  following  three  main  lines.   First,  he  has  prepared  immunogens  con- 
taining isomaltotriose  and  isomaltohexaose  covalently  coupled  to  KLH.   These 
synthetic  glycoconjugates  stimulate  anti-dextran  antibodies  in  a  T-cell  de- 
pendent fashion  in  CBA/N  mice  that  fail  to  respond  when  immunized  with  dex- 
tran,  a  primary  B-cell  stimulator.   Second,  antibodies  prepared  against  a 
glucose-containing  tetrasaccharide  purified  from  urine  of  human  glycogenosis 
patients  have  been  used  in  a  radioimmunoassay  to  measure  the  urinary  excretion 
rate  of  the  tetrasaccharide  has  been  found  in  patients  with  these  and  other 
glycogen-storing  tumors  and  may  prove  to  be  a  useful  indicator  of  tumor  bulk 
during  therapy  and/or  recurrence.   Finally,  a  chemical  method  called  "tri- 
f luoroacetolysis"  is  being  used  to  release  complex  carbohydrates  from  glyco- 
lipids  and  glycoproteins  of  human  tissues.   The  mixture  obtained  is  analyzed 
by  gas  chromatography /mass  spectrometry  or  by  radioimmunoassay  to  determine 
the  repertoire  of  oligosaccharides  produced  by  tissues  during  various  stages 
of  differentiation. 


E.   Comparative  Oncology  Section 

Drs.  Stanton  and  Dawe  are  the  senior  staff  members  of  this  Section. 
Dr.  Suzanne  E.  Fisher  is  an  NRSF  Fellow  with  a  two-year  extendable  appointment, 
working  under  Dr.  Dawe's  sponsorship.   Dr.  William  G.  Banfield  retired  on 
February  18,  1980. 

Dr.  Stanton  has  been  phasing  out  2  lines  of  investigation: 

I.   Fiber  tumorigenesis  in  Osborne-Mendel  rats,  using  intrapleural 
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implantation  of  fibers  with  variable  dimensional,  chemical,  and  physical 
properties  as  the  test  system.   Frequency  of  neopastic  development  (chiefly 
fibrous  mesotheliomas)  is  the  endpoint  from  which  relative  tumorigenicity  is 
calculated.   Some  70  samples  of  fibrous  materials  have  been  tested,  the  data 
have  been  statistically  analyzed,  and  a  manuscript  is  nearing  completion.   The 
findings  confirm  Dr.  Stanton's  earlier  postulate,  based  on  fewer  samples  of 
fibers,  that  tumorigenicity  correlates  closely  with  fiber  dimensional  and 
physical  properties,  but  not  with  chemical  composition.   Durability  (resistance 
to  fragmentation  under  mechanical  stresses)  and  a  size  of  <0.25  urn  diameter 
x  >8  urn  length  were  found  optimal  for  greatest  tumorigenicity.   Fibers  of 
various  composition  (asbestos  from  many  geographic  sources,  fibrous  glass, 
and  vegetable  fibers)  were  non-tumorigenic  if  diameters  were  ■C0.01  urn  or 
>3.0  urn.   It  is  not  known  whether  these  same  criteria  will  apply  to  fiber  car- 
cinogenesis in  man.   Epidemiological  studies  are  needed  in  which  the  incidence 
of  mesotheliomas  can  be  correlated  with  the  types  of  fibers  to  which  cohorts 
have  been  exposed. 

II.   A  study  of  naturally-occurring  tumors  in  aging  Osborne-Mendel  rats. 
These  animals,  numbering  about  4000,  represent  the  controls  from  the  fiber- 
tumorigenesis  experiments.   It  was  planned  to  assemble  these  data  to  provide 
background  information  for  researchers  using  0-M  rats.   A  variety  of  pulmonary 
tumors,  osteogenic  sarcomas,  mammary  tumors,  and  lipo-reticular  sarcoma  of  the 
kidney  have  been  found.   In  view  of  Dr.  Stanton's  health,  it  is  not  certain 
whether  this  study  will  be  completed,  although  only  a  few  rats  remain  to  be 
necropsied.   Possibly  the  interpretative  step  of  the  work  will  be  continued 
at  the  Registry  of  Experimental  Cancers. 

Dr.  Dawe  has  continued  his  investigations  in  2  areas: 

I.  Studies  of  neoplastic  transformation  by  polyoma  virus,  with  emphasis 
on  the  influence  of  microenvironmental  factors  (particularly  cellular  inter- 
actions) on  the  properties  of  the  tumors  that  result. 

II.  Studies  of  neoplasms  in  lower  animals,  coordinated  with  the  activi- 
ties of  the  Registry  of  Tumors  in  Lower  Animals,  supported  by  a  research  con- 
tract for  which  Dr.  Dawe  serves  as  Co-Project  Officer  with  Dr.  Brian  Kimes, 
Cancer  Biology  Branch. 

Progress  in  area  I  (above) : 

A.   Epithelial-stromal  interactions:   Several  years  ago  this  group  de- 
veloped a  procedure  for  transforming  isolated  mouse  rudimentary  salivary  gland 
epithelium  with  polyoma  virus  in  a  culture  system.   Tumors  derived  from  these 
transformed  cultures  showed  multi-directional  dif f erentiative  characteristics, 
were  highly  invasive,  and  sometimes  metastasized  widely.   For  example,  one 
such  culture  line  gave  rise  to  tumors  containing  areas  of  keratinizing  squamous 
carcinoma,  adenocarcinoma,  and  undifferentiated  carcinoma.   This  suggested  that 
when  primitive  salivary  epithelium  was  transformed  prior  to  differentiation  it 
retained  the  ability  to  differentiate  in  different  directions  even  though  it 
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had  become  neoplastic.   It  was  thought  that  it  might  be  possible  to  direct 
this  diff erentiative  potential  by  applying  microenvironmental  factors  known 
to  induce  or  support  specific  types  of  differentiation.   An  experiment  was 
performed  in  which  several  types  of  mesenchyme  were  respectively  combined  with 
the  transformed  culture  cells  (TMI,)  and  then  transplanted  subcutaneously  into 
newborn  mice.   Types  of  mesenchyme  used  were  dermis,  tooth  germ  mesenchyme, 
salivary  mesenchyme,  and  mammary  mesenchyme.   It  was  thought  that  perhaps 
each  type  of  mesenchyme  might  direct  the  TMI,  tumor  cells  to  form  tumors 
characteristic  of  the  organs  from  which  the  mesenchyme  was  derived.   This  did 
not  prove  to  be  the  case.   However,  in  some  tumors  developing  from  combination 
of  TMI,  cells  with  fetal  back  skin  dermis,  it  was  observed  that  darkly  pig- 
mented foci  were  present.   The  pigment  had  the  appearance  of  melanin  and  was 
present  in  the  cytoplasm  of  tumor  cells  as  well  as  in  cytoplasmic  processes 
of  cells  projecting  between  tumor  cells.   Electron  microscopy  showed  mature 
melanin  granules  in  the  cytoplasm  of  keratinizing  tumor  cells,  and  mature  and 
immature  melanin  granules  in  dendritic  processes  of  melanocytes  among  the 
tumor  cells.   The  current  interpretation  is  that  melanoblasts  within  the  fetal 
dermis  differentiated  into  melanocytes  within  the  TMI,  tumors,  synthesized 
melanin,  and  transferred  mature  melanin  granules  to  adjacent  TMI,  tumor  cells. 
The  localization  of  heavily  pigmented  foci  within  large  areas  of  unpigmented 
tumor  suggests  that  melanoblasts  of  the  rudimentary  dermal  hair  papillae  were 
interacting  with  tumor  cells  in  much  the  same  manner  that  they  would  interact 
with  normal  epithelium  of  hair  follicles. 

This  phenomenon  is  of  interest  from  several  aspects: 

1.  Salivary  gland  epithelium  does  not  normally  become  pigmented,  either 
by  synthesizing  melanin  itself  or  by  accepting  transfer  of  pigment  from  melano- 
cytes.  The  observations  above  suggest  that  dermal  papillae  may  be  able  to 
induce  salivary  epithelium  to  accept  melanin  transfer,  or  that  the  ability  of 
salivary  epithelium  to  accept  transfer  of  melanin  is  a  latent  potential  that 
has  not  previously  been  recognized. 

2.  The  observations  suggest  that  polyoma-transf ormed  salivary  epithelium 
can  induce  melanin  synthesis  in  dermal  melanoblasts,  as  can  epidermal  hair 
follicle  epithelium.   Such  an  inducing  potential  of  salivary  epithelium,  either 
transformed  or  untrans formed,  has  not  been  recognized  previously.   This  poten- 
tial might  be  anticipated,  however,  on  the  grounds  that  submandibular  salivary 
gland  is  derived  from  ectoderm  closely  adjacent  embryologically  to  ectoderm 
from  which  hair  follicles  are  derived. 

3.  According  to  Fitzpatrick,  the  epidermal  cells  which  receive  melanin 
from  a  particular  melanocyte  ("epidermal-melanin  units")  represent  a  diff er- 
entiative cluster  of  cells  that  become  post-mitotic  and  are  destined  to  die 
and  eventually  slough  in  the  keratinized  layer.   If  salivary  tumor  cells  that 
receive  melanin  are  similarly  rendered  post-mitotic,  then  the  interaction  with 
dermal  melanocytes  is  a  mechanism  through  which  at  least  some  of  the  tumor 
cells  can  be  eliminated. 
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Further  work  with  this  system  is  underway.   Experiments  have  already  been 
done  in  which  a  methylcholanthrene-induced  squamous  carcinoma  of  the  skin  has 
been  interacted  with  normal  fetal  dermis.   No  pigment  formation  or  transfer 
has  been  seen,  suggesting  that  the  phenomenon  is  not  universal  for  tumors  of 
ectodermal  origin.   Fetal  dermis  alone  has  been  transplanted  subcutaneously 
to  newborn  mice,  and  does  not  produce  significant  amounts  of  melanin.   This 
supports  the  impression  that  polyoma-transformed  salivary  epithelium  acts  as 
an  inducer  of  melanoblast  differentiation.   Fetal  dermis  from  albino  mice  com- 
bined with  the  TMI/  tumor  cells  did  not  result  in  pigment  formation  or  trans- 
fer, supporting  the  impression  that  the  melanin  is  synthesized  by  melanocytes 
and  not  by  tumor  cells.   Currently  experiments  are  in  progress  in  which  fetal 
dermis  is  combined  with  normal  salivary  epithelium  or  with  whole  salivary  rudi- 
ments in  order  to  determine  whether  normal  salivary  epithelium  can  induce 
melanocyte  differentiation  and  melanin  transfer  to  salivary  epithelium. 

Experiments  are  contemplated  in  which  melanotic  melanoma  cells  would  be 
combined  with  polyoma-transformed  salivary  tumor  cells. 

A  report  of  this  work  has  been  accepted  for  presentation  at  the  annual 
meeting  of  the  American  Association  for  Cancer  Research,  May  28-31,  1980. 
Mrs.  Jeannette  E.  Williams  will  read  the  paper  from  the  podium. 

B.  In  a  collaborative  project  with  Dr.  Mark  Israel,  attempts  have  been 
made  to  transform  mouse  salivary  epithelium  in  vitro  by  transfection  with  com- 
plete and  incomplete  polyoma  DNA.   Total  genome  with  plasmid  attached,  total 
genome  without  plasmid,  1/2  of  the  early-transcribed  DNA,  and  2  strains  of 
complete  infectious  polyoma  virus  have  been  used.   Infectious  whole  virus 
transformed  as  expected  from  previous  experience  in  a  similar  experimental 
system,  but  1/2  early  genome  yielded  no  transformed  foci.   In  one  culture 
transfected  with  whole  genome  without  plasmid,  epithelial  transformation  has 
been  seen. 

This  work  will  probably  be  continued,  using  larger  populations  of  mono- 
layered  cells  to  compensate  for  the  apparently  low  efficiency  of  transfection. 
After  the  mouse  colony  has  been  restored  (following  losses  from  an  ectromelia 
outbreak),  attempts  may  be  made  to  transfect  large  quantities  of  salivary  cells 
in  vitro  and  transplant  immediately  to  syngeneic  mice  that  would  be  followed 
for  tumor  development. 

C.  Dr.  Suzanne  Fisher  has  made  significant  progress  in  isozyme  analysis 
of  polyoma  tumors.  Using  starch  gel  electrophoresis  to  identify  the  isozymes 
in  over  30  enzyme  systems,  she  has  found: 

1.  Isozyme  patterns  of  polyoma-transformed  cells  are  altered  from  those 
of  the  normal  tissues  from  which  the  tumors  are  derived. 

2.  For  mouse  polyoma  tumors  induced  in  vivo,  each  organ-specific  tumor 
shows  an  isozyme  profile  or  "signature"  that  is  constant  and  specific  for 
organ  of  origin,  with  the  exception  of  salivary  gland  and  mammary  glands, 
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which  have  identical  profiles.   This  exception  is  interesting  since  the  isozyme 
patterns  of  normal  salivary  and  mammary  glands  differ  for  a  number  of  enzymes 
(phosphoglucomutase,  gycerol-3-phosphate  dehydrogenase,  lactate  dehydrogenase, 
sorbitol  dehydrogenase,  xanthine  dehydrogenase,  and  acid  phosphatase).   Yet 
the  isozyme  patterns  for  these  enzymes  are  the  same  in  polyoma  tumors  of  these 
organs. 

3.  Placental  alkaline  phosphatase  isozyme  was  found  in  tumors  of  sali- 
vary gland,  mammary  gland,  kidney,  and  dental  epithelium,  but  not  in  tumors  of 
the  thymus,  hair  follicle,  or  subcutaneous  connective  tissue.   Placental  AP 
was  found  in  only  2  of  14  tumors  derived  from  salivary  gland  cells  transformed 
in  vitro. 

4.  Isozyme  profiles  for  salivary  cells  transformed  _in  vitro  were  more 
variable  than  those  for  salivary  tumors  induced  iji  vivo. 

These  and  a  number  of  other  findings  have  important  implications,  as  they 
suggest: 

1.  That  the  interaction  between  virus  and  target  cell  results  in  patterns 
of  gene  expression  specific  for  the  organ  of  origin  and  the  state  of  differen- 
tiation of  the  target  cell.   This  indicates  a  difference  between  virus-induced 
and  chemically-induced  tumors  if  one  can  generalize  from  a  comparison  of 

Dr.  Fisher's  data  with  data  from  chemically-induced  hepatomas.   In  the  latter 
(Morris  hepatomas)  others  have  shown  that  there  is  rather  wide  divergence  of 
gene  expression  as  appraised  by  isozyme  analysis.   If  the  above  postulate  is 
correct,  it  may  be  possible  to  link  viral  etiology  with  certain  groups  of 
tumors  of  a  particular  organ  and  having  a  single  isozyme  profile  in  common. 

2.  That  transformation  in  vivo  and  in  vitro,  even  by  the  same  virus, 
involves  different  events  in  gene  expression,  reflecting  differences  in  the 
microenvironment  of  the  target  cells  during  and  after  the  transforming  events. 

This  project  will  be  continued  by  Dr.  Fisher  when  she  returns  from  mater- 
nity leave.   She  plans  to  analyze  several  spontaneous  mammary  tumors,  spon- 
taneous salivary  tumors  (myoepitheliomas)  and,  if  possible,  some  chemically- 
induced  tumors  for  comparison  with  the  data  on  polyoma  tumors.   A  paper  from 
this  project  has  recently  been  published. 

D.   Mr.  Morgan  completed  his  initial  time-lapse  cinematographic  study  of 
contractions  in  rudimentary  salivary  glands.   His  paper  has  been  published 
and  he  now  is  engaged  in  an  investigation  of  the  possible  function  of  autonomic 
nerves  on  myoepithelial  contraction.   He  plans  to  photograph  contractions  in 
salivary  glands  with  autonomic  ganglia  intact  _in  situ,  and  in  glands  from  which 
the  ganglia  have  been  removed.   Progress  has  been  interrupted  as  a  result  of 
the  ectromelia  outbreak,  but  should  resume  soon. 

II.   Dr.  Dawe's  study  on  the  nature  of  "X  cells"  in  tumefactions  of  the  pseudo- 
branchs  in  Pacific  cod  is  being  continued  and  another  manuscript  is  in 
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preparation.   There  is  now  an  abundance  of  data  including  ultrastructural, 
cytochemical,  biochemical,  and  biological  to  show  that  X  cells  are  parasitic 
cells  rather  than  neoplastic  cells.   The  flow  f luorometric  data  showing  the 
DNA  content  of  X  cells  to  be  only  about  30%  that  of  the  host  fish  cells  have 
been  perhaps  most  convincing  of  all.   Dr.  Fisher  has  also  done  isozyme  analyses 
which  show  the  presence  of  several  isozymes  not  existent  in  the  host  species. 
Rabbits  are  currently  being  immunized  with  X  cells.   When  adequate  antibody 
titers  are  obtained,  peroxidase-antiperoxidase  reactions  will  be  done  on 
tissue  sections  of  pseudobranch  lesions  to  determine  whether  there  is  any 
cross  reaction  between  X  cell  antigens  and  host  cell  antigens.   PAP  reactions 
will  also  be  done  on  papillomas  of  flounder,  gobies,  and  other  fishes  with 
X  cell  lesions,  in  an  effort  to  see  if  X  cells  in  various  species  and  tissues 
have  a  common  antigen(s).   The  immunological  study  is  planned  for  separate 
publication.   Dr.  Garvin  and  Dr.  Zopf  have  collaborated  in  this  phase  of  the 
work. 

The  cell  culture  study  of  a  nephroblastoma  from  a  rainbow  trout  and  a 
chondrosarcoma  from  a  corn  snake  has  been  reported  and  is  in  press.   This 
project  was  described  in  the  1979  report. 

Dr.  Richard  Montali  of  the  National  Zoo  has  recently  discovered  type  A 
intranuclear  inclusion  bodies  in  3  water  monitors  (lizards)  which  died  there. 
He  has  submitted  glutaraldehyde-  and  formalin-fixed  tissues  to  Dr.  Triche  for 
TEM  study.  If  virus  particles  are  found,  Dr.  Dawe  has  agreed  to  attempt  to 
grow  the  virus  on  snake  chondrosarcoma  cells,  or  possibly  on  gecko  cells  to 
be  obtained  from  another  NIH  laboratory.  The  lesions  in  the  diseased  water 
monitors  were  of  lytic  type,  not  neoplastic. 

F.   Viral  Oncology  and  Molecular  Pathology  Section 

The  investigative  studies  ongoing  in  this  section  are  carried  out  under 
the  direction  of  four  principal  investigators,  Drs.  Howley,  Rabson,  Costa, 
and  Arya.   In  general  the  studies  involve  animal  viruses  (including  human 
viruses)  and  the  mechanisms  by  which  they  interact  with  cells  susceptible  for 
a  lytic  infection  or  for  malignant  transformation. 

Dr.  Arya  has  continued  and  expanded  studies  initiated  with  Dr.  N.  Young 
involving  the  biologic  and  virologic  characterization  of  breast  and  prostate 
cancer  cells.   Examining  the  expression  of  type  B  and  type  C  retroviruses  in 
mouse  mammary  tumor  cells,  Dr.  Arya  has  shown  that  in  late  passage  culture, 
type  B  virus  production  is  shut  down  although  the  synthesis  of  type  B  viral 
RNA  and  structural  proteins  continues.   In  addition  he  has  found  that  the 
tumor  promoter  TPA,  stimulated  the  production  of  MMTV  (type  B)  virus  in  early 
passage  and  that  interferon  inhibited  virus  production  without  affecting  viral 
RNA  synthesis. 

Dr.  Costa,  working  with  Dr.  Thorgeirsson,  has  continued  their  studies 
with  the  induction  of  Fc  receptors  in  cells  infected  by  HSV  and  EBV.   They 
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have  isolated  a  50K  molecular  weight  protein  from  HSV  infected  AGMK  cells  which 
has  retained  Fc  receptor  activity.   With  Ms.  Yee  they  have  shown  that  Fc  re- 
ceptors increase  with  induction  of  the  EBV  lytic  cycle  in  lymphoblastoid  cells. 

Dr.  P.  Howley  with  Dr.  M.-F.  Law,  Dr.  C.  Heilman,  and  Dr.  F.  Rentier-Delrue 
have  continued  their  studies  on  the  human  poly omavi ruses  BK  and  JC.   Drs.  Howley 
and  Law  in  collaboration  with  Dr.  John  Martin  have  shown,  using  a  filter  hy- 
bridization under  non-stringent  conditions,  that  JC  DNA  shares  homology  with 
all  the  gene  regions  of  BK  and  SV40  DNAs  at  the  level  of  25%  base  mismatch. 
Using  this  homology,  they  have  by  "cross-blotting"  been  able  to  orient  the 
physical  map  of  JC  to  those  of  BK  and  SV40. 

Drs.  Howley,  Law,  Heilman,  and  Rentier-Delrue  in  collaboration  with 
Drs.  Mark.  Israel  and  Ken  Takemoto  of  NIAID,  have  cloned  the  genome  of  the 
Mad-1  strain  of  JC  into  pBR322.   Since  this  virus  is  very  difficult  to  propa- 
gate in  tissue  culture,  this  now  provides  reagents  for  examining  the  molecular 
biology  of  JC  and  evaluating  its  role  as  a  human  pathogen.   Recently, 
Dr.  Rentier-Delrue  with  Dr.  Howley  has  purified  JC  DNA  directly  from  PML  brains 
by  the  Hirt  procedure.   These  DNAs  are  quite  homogeneous  in  size  and  are 
presently  being  cloned  directly  into  pBR322  without  any  passage  through  tissue 
culture.   The  JC  (Mad-1)  DNA  cloned  in  pBR322  has  been  demonstrated  to  have 
biologic  activity.   The  DNA  cloned  either  at  the  Bam  HI  site  or  at  the  Eco  RI 
site  is  capable  of  transforming  human  amnion  cells  in  tissue  culture. 

Drs.  Howley,  Law,  Heilman,  Sarver,  and  Rentier-Delrue  have  initiated  a 
study  on  the  human  and  bovine  papillomaviruses.   The  papillomaviruses  are 
widespread  in  nature,  very  host  specific,  and  associated  with  a  variety  of 
pathologic  lesions.   To  date  there  have  been  seven  distinct  human  papilloma- 
viruses and  four  bovine  papillomaviruses.   Each  of  the  human  viruses  is 
associated  with  a  distinct  pathologic  entity  as  listed  below. 

HPV-1  plantar  warts 

HPV-2  common  warts 

HPV-3  flat  warts 

HPV-4  plantar  warts 

HPV-5  pityriasis-like  lesions  in  patients  with 

epidermodysplasia  verruciformis 

HPV-6  condyloma  accuminata 

HPV-7  common  warts 

Since  none  of  the  known  papillomaviruses  has  ever  been  successfully  propagated 
in  tissue  cultures,  studies  on  the  molecular  biology  of  this  group  of  viruses 
are  limited  and  there  is  little  known  concerning  the  nature  of  the  virus-host 
cell  interaction.   They  have  cloned  the  entire  genomes  of  HPV-la,  HPV-lb, 
HPV-2,  and  HPV-4  independently  in  E.  coli  K12  using  the  bacterial  plasmid 
pBR322.   They  have  constructed  physical  maps  of  the  genomes  and  have  detected 
and  mapped  conserved  sequences  in  the  genome.   To  date  no  biologic  activity 
has  been  shown  for  these  cloned  DNAs  either  in  tissue  culture  or  injected 
into  hamsters. 
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These  papillomaviruses  (bovine,  deer,  and  sheep)  are  capable  of  inducing 
tumors  in  hamsters.   For  this  reason  Dr.  Howley  and  his  group,  in  collabora- 
tion with  Drs.  Lowy  and  Dvoretsky  (Dermatology  Branch,  DCBD,  NCI)  have  cloned 
the  complete  genomes  of  BPV-1  and  BPV-2.   They  have  demonstrated  that  these 
cloned  DNAs  can  transform  NIH-3T3  cells  and  C127  cells  in  tissue  culture. 
Furthermore,  they  have  demonstrated  that  a  specific  subgenomic  fragment  of 
BPV-1  DNA  can  induce  this  transformation  and  they  cloned  this  subgenomic  frag- 
ment.  In  the  transformed  cells  the  genome  is  present  largely,  if  not  ex- 
clusively, in  an  episomic  state  as  a  supercoiled  DNA  with  several  hundred 
copies  of  DNA  per  cell.   Further  molecular  characterization  of  these  cells  is 
in  progress. 


G.   Quantitative  Cytology  Section 

Major  research  efforts  over  the  past  year  have  been  directed  toward  study 
of  the  role  of  close  range  interactions  between  hematopoietic  stem  cells  and 
marrow  stromal  cells  in  the  environmental  support  and  control  of  hemato- 
poiesis.   These  studies  are  based  upon  a  culture  technique  described  by  Dexter 
and  his  colleagues,  demonstrating  that  monolayers  of  marrow  derived  adherent 
cells  (MDAC)  have  the  capacity  to  support  the  proliferation  of  hematopoietic 
stem  cells  for  prolonged  periods  in  vitro. 

This  culture  technique  has  been  reproduced  using  both  murine  and  human 
explants  and  the  results  of  long  term  marrow  culture  experiments  confirm  the 
original  observations.   Characterization  of  MDAC,  which  appear  to  be  the  cellu- 
lar mediators  of  the  hematopoietic  support  function,  indicate  that  these  popu- 
lations consist  mainly  of  fibroblasts,  synthesizing  collagen  types  I  and  III 
in  vitro.   The  factors  controlling  collagen  synthesis  by  MDAC  are  currently 
under  investigation. 

In  vitro  experiments  have  been  designed  with  the  objective  of  assessing 
the  extent  to  which  this  system  is  dependent  upon  direct  interaction  between 
hematopoietic  cells  and  MDAC  as  opposed  to  an  indirect  or  'feeder'  effect. 
Preliminary  results  suggest  that  direct  cell  to  cell  contact  is  essential  for 
long  term  stem  cell  maintenance. 

Studies  have  also  been  undertaken  to  identify  possible  precursors  of  MDAC 
within  the  marrow.   Immunohistochemical  staining  of  frozen  sections  of  rat  bone 
marrow  (fluorescence)  and  paraffin  sections  of  human  bone  marrow  (PAP)  have 
indicated  the  presence  of  collagen-producing  cells.   Their  anatomical  distri- 
bution appears  to  parallel  the  known  distribution  of  the  'reticulum  cells', 
which  are  considered  to  be  the  major  connective  tissue  elements  of  the  marrow 
and  are  thought  by  some  to  be  fibroblastic. 

Collaborative  studies  with  Dr.  T.  Triche,  employing  ultrastructural 
immunocytochemical  techniques,  are  currently  under  way.   These  should  shed  more 
light  on  this  question,  as  well  as  identifying  any  direct  cell  to  cell  inter- 
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actions  which  may  occur  between  collagen  producing  and  hematopoietic  cells 
within  the  marrow. 

The  time  honored  assumption  that  reticulum  cells  have  phagocytic  proper- 
ties has  prompted  a  study  of  phagocytosis  by  collagen  producing  cells  in  the 
marrow  and  in  MDAC  culture.   Collagen  producing  cells  in  the  marrow  do  not 
ingest  injected  polystyrene  microspheres  in  vivo,  but  cultured  MDAC  can  in- 
gest these  particles  in  vitro.   This  property,  however,  was  observed  in  other 
species  of  fibroblasts  under  the  experimental  conditions  employed. 

Collaborative  studies  are  also  under  way  with  Dr.  0.  Alabaster  (George 
Washington  University)  concerning  the  effects  of  hormonal  manipulation  of  cell 
metabolism  on  the  action  of  cytotoxic  drugs.   In  particular,  the  effects  of 
these  manipulations  on  bone  marrow  cytotoxicity  are  being  investigated. 
Collaborative  work  is  also  planned  with  Dr.  Judith  Prewitt  (DCRT,  NIH)  on 
leucocyte  classification  by  digital  image  processing. 


H.   Pathological  Technology  Section 

The  technology  staff,  under  Mrs.  Barbara  Coolidge,  is  located  in  Bldg.  37. 
The  section  also  has  a  working  laboratory  located  at  Ft.  Detrick  in  Frederick, 
Maryland.   They  provided  all  types  of  histological  services  and  staining  pro- 
cedures for  scientists  in  DCBD  and  other  divisions  of  NCI.   During  FY  80  they 
processed  more  than  28,000  pieces  of  animal  tissue,  cut  and  stained  more  than 
36,000  H  &  E  slides  and  prepared  over  7,000  special  stained  slides.   They  also 
prepared  over  18,000  unstained  for  immunoperoxidase  studies  and  other  special 
techniques.   All  types  of  animal  tissue  were  accepted  in  their  laboratory  and 
the  more  routine  work  is  sent  to  private  contractors  for  sectioning  and  stain- 
ing.  There  was  a  total  of  128  NCI  investigators  using  the  services  of  the 
section.   In  addition,  a  number  of  specimens  was  submitted  for  embedding  and 
sectioning  for  electron  microscopy.   The  quality  and  performance  of  the 
Pathological  Technology  staff  continues  to  be  outstanding  and  they  represent 
a  major  technical  resource  for  the  research  of  scientists  in  the  NCI.   The 
section  also  prepares  study  sets  for  the  NCI  Tumor  Registry  which  are  used 
by  scientists  all  over  the  world  as  well  as  NCI. 


I.   Image  Processing  Unit 

The  reporting  period  is  most  noteworthy  for  the  transition  to  where  the 
major  effort  in  the  unit  is  devoted  to  analysis  of  biological  material  rather 
than  algorithm  and/or  hardware  development.   Three  major  areas  of  active 
computer  aided  biological  research  has  resulted  in  a  series  of  more  than  a 
dozen  publications  which  exhibit  the  utility  and  applicability  of  the  general 
procedures  developed  over  previous  years. 
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A.   2  Dimensional  Gel  Analysis 

Vigorous  and  productive  collaborative  efforts  with  2  groups  pursuing  a 
variety  of  biological/biochemical  problems,  has  provided  a  framework  for  the 
development  of  a  system  for  2D  gel  analysis.   This  system  is  based  on  the 
existing  image  analysis  programs  developed  as  a  set  of  general  routines  for 
microscopic  image  analysis  on  the  Real  Time  Picture  Processor  (RTPP). 

Analysis  of  sets  of  2D  gels  is  really  a  problem  in  demonstrating  corres- 
pondences among  sets  of  spots  each  of  which  belongs  to  another  gel.   Since  the 
spots  can  vary  moderately  in  absolute  position  and  in  optical  density,  but  can 
be  expected  to  maintain  a  constant  context,  the  problem  of  establishing  corres- 
pondences is  non-trivial  and  really  is  a  case  of  a  fundamental  problem  in  image 
processing.   The  solution  of  this  problem,  while  not  generalized  has  progressed 
to  the  point  where  our  collaborators  (Dr.  Carl  Merrill  et  al.,  NIMH,  and 
Dr.  Eric  Lester,  NCI)  are  using  the  developed  system  for  such  varied  problems 
as  familial  protein  patterns  in  an  extended  Alzheimer  disease  affected  family, 
a  study  of  the  enzyme  patterns  in  Lesch-Nyhan  Syndrome,  genetic  variants  of 
E.  coli  and  the  demonstration  of  specific  protein  differences,  effect  of  PHA 
stimulation  on  human  lymphocytes,  and  within  our  group  (see  below)  the  effect 
of  cell  lysate  protein  patterns  following  phagocytosis  of  durable  fibers,  i.e. 
asbestos  and  its  substitutes. 

The  development  of  the  analytic  system  has  benefited  very  greatly  from  the 
biological  context  of  the  iterative  cycle  of  use,  additional  development,  and 
further  biological  use... etc.   We  still  have  to  implement  features  suggested 
by  interactive  exploratory  work  with  other  potential  collaborators  such  as 
Charles  Langley  of  NIEHS,  but  even  at  this  stage  it  is  clear  that  the  data 
structures  and  tools  developed  as  well  as  the  positive  influence  of  the  system 
on  the  production  technics  for  the  gels  themselves  has  resulted  in  a  useful 
and  used  system. 

The  advanced  data  structures  and  procedures  for  their  manipulation  could 
not  have  reached  the  present  stage  without  the  cost  effective  advent  of  the 
Dec  System-20.   Costs  on  the  DCRT  system-10  would  have  been  prohibitive  for 
this  aspect  of  our  work  alone.   Indeed,  restrictions  on  user  core  memory  and 
disk  storage  would  have  prevented  a  rational  development  of  the  present  system. 

The  correspondence  identity  problem  has  been  only  partially  solved.   Some 
of  the  difficulties  are  obviously  of  a  statistical  nature.   Many  of  the  pro- 
cedures ranging  from  the  initial  density  calibration,  through  the  segmenter- 
spot  finder  procedures,  to  the  procedures  which  establish  correspondences  of 
various  degrees  of  certainty,  all  require  more  than  trivial  statistical  treat- 
ment.  Accordingly  we  have  established  a  beginning  collaboration  with  Dr.  Bob 
Connor  of  NCI  which  we  are  confident  will  lead  to  improved  and  more  reliable 
spot  characterization,  quantitation  and  comparisons. 

A  series  of  publications  and  presentations  at  national  meetings  both  of 
biological  results  and  supporting  computer  technics  have  appeared  and  are  in 
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in  preparation.   At  one  such  meeting  the  technic  was  recognized  by  several 
clinical  chemists  as  the  advent  of  image  processing  the  field. 

B.   Nucleic  Acid  Structure 

The  established,  strong  collaborative  relation  with  Dr.  Jacob  Maizel  and 
his  group  has  been  very  productive  indeed.   During  the  reporting  period,  the 
secondary  structure  mapping  system  has  been  improved  to  handle  general  tree 
structures  in  the  molecules.   An  outgrowth  of  this  has  been  the  development  of 
a  new  metric  for  measuring  complex  molecules.   The  "level  map"  as  it  is  called 
allows  one  to  express  the  branching  structure  of  a  molecule  as  well  as  the  size 
and  position  information  concerning  various  component  features.   Supporting 
this  and  other  algorithms,  are  fundamental  procedures  developed  to  aid  in  noise 
removal  so  that  clearer,  more  accurate  molecular  images  are  available  in  digi- 
tized form  for  analysis. 

In  addition  to  the  above  noted  analytical  developments,  work  has  expanded 
in  the  direction  of  means  for  relating  the  biochemistry  (i.e.  the  base  sequen- 
ces) to  the  morphology  of  the  secondary  structure  observed  in  electron  micro- 
graphs.  Employing  our  newly  augmented  computational  facility  (System-20)  we  are 
attempting  what  is  a  very  difficult  combinatoric  problem,  i.e.  predicting  what 
are  thermodynamically  the  "best"  structures  of  a  given  molecule,  knowing  its 
base  sequence.   Given  this  and  the  energies  involved  in  Watson-Crick  base 
pairing,  loops,  hairpins  and  bulges  it  becomes  possible  to  predict  the  most 
energetically  stable  structure(s) .   The  predicted  structure  should  be  related 
to  what  is  visible  in  the  electron  microscope.   This  effectively  is  a  demon- 
stration of  the  morphologic  consequences  of  biochemical  structure  at  biologi- 
cally a  most  fundamental  level. 

Technics  that  enable  the  visualization  of  potential  bonded  regions  have 
been  developed  that  make  use  of  the  display  and  computational  facilities  of  the 
RTPP  and  the  newly  acquired  DEC  System-20.   Existing  software,  specifically 
BM0N2,  BMON20  and  a  modified  Gel  Flicker  program  has  been  directly  applied  to 
the  nucleic  acid  structure  problem.   The  last  of  these  enables  one  to  determine 
differences  and  note  patterns  amongst  the  predicted  bonded  regions  and  those 
reported  in  the  literature.   At  this  writing  experiments  are  in  press  to  dem- 
onstrate the  relationship  between  EM  images  and  molecular  melting  temperatures 
(denaturation) .   Under  construction  is  a  facility  for  the  molecular  biologist 
to  explore  the  consequences  of  biochemical  sequence  data  and  allows  further 
the  ability  to  provide  and  make  use  of  other  information,  both  global  to  the 
entire  molecule  and  local  to  specific  regions.   It  is  of  particular  promise 
since  the  EM  images  and  procedures  for  secondary  structure  mapping  are  avail- 
able as  part  of  the  facility. 

Five  publications  have  appeared  in  this  area,  and  several  more  are  in 
preparation. 
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C.   Asbestos/Asbestiform  Fiber  Research 

During  the  reporting  period  we  have  demonstrated  the  parallelism  between 
fiber  induced  cytotoxicity  in  the  case  of  P388D1  macrophage-like  cells  on  the 
one  hand,  and  the  probability  that  the  fiber  will  induce  a  pleural  sarcoma  in 
rats  on  the  other  (data  of  Stanton) .  As  is  the  case  with  pleural  sarcoma  in- 
duction, the  fiber-induced  cytotoxicity  seems  to  be  independent  of  the  chemical 
nature  of  the  fiber,  and  as  in  Stanton's  experiments  correlates  best  with  the 
presence  of  fibers  greater  than  8  microns  in  length  and  with  diameters  in  the 
range  0.5-1.0  microns.  Our  effect,  like  that  observed  in  the  whole  animal, 
does  not  appear  to  involve  adsorbed  or  adherent  impurities. 

We  have  demonstrated  and  reported  in  a  series  of  publications  the  cyto- 
toxic effect  not  only  of  varying  moieties  of  asbestos,  but  also  in  like  fiber- 
sized  materials  such  as  aluminum  oxide,  dihydroxy  sodium  aluminum  carbonate, 
borosilicate  glass,  potassium  octatitanate,  etc.,  and  shown  moreover  that  in 
the  cases  of  the  later  materials,  when  the  fiber  size/shape  fell  outside  the 
Stanton  limits,  the  cytoxicity  was  greatly  reduced  or  totally  absent. 

In  press  are  preliminary  studies  employing  2D  gel  electrophoresis  on  the 
P388D1  cells  which  have  been  exposed  to  amosite  asbestos  show  significant 
differences  in  spot  patterns  from  normal  controls  at  comparable  culture  inter- 
vals.  The  significance  of  these  pattern  changes  are  not  clear,  except  that 
the  parallelism  to  fiber  size  and  shape  seems  to  hold  here  as  well,  and  that 
some  if  not  all  of  the  changes  observed  are  not  due  simply  to  phagocytosis. 

Steps  are  being  taken  to  refine  the  bioassay  of  fiber  cytoxicity.   The 
improvements,  as  well  as  the  original  method  is  being  evaluated  and  greatly 
aided  by  the  statistical  analyses  and  advice  of  Dr.  Barry  Margolin  of  NIEHS. 
A  solid  bioassay,  capable  of  export  would  allow  us  to  devote  more  of  our  very 
limited  resources  to  the  problem  of  how  the  cell  "detects"  fiber  size  and 
shape,  and  what  the  more  chronic  tissue  culture  effects  of  durable  fiber  ex- 
posure really  are. 

D.   Collaborations  in  Preliminary  Stages 

These  include  a  quantitative  study  of  neural  crest  cell  migration  from  the 
early  chick  neural  tube  (Dr.  J.  Greenberg,  NIDR) ,  brain  section  reconstruction 
from  serial  sections  of  the  whole  Anolis  brain  (Dr.  Paul  Maclean,  NIHAC) , 
quantitation  of  malignancy  in  bone  tumors  (Dr.  Jose  Costa,  NCI),  and  quantita- 
tion of  leukocyte  motion  in  time  lapse  cinematography  (L.  Englander,  Yale 
University).   Except  for  the  Anolis  brain  reconstruction,  all  of  these  pro- 
jects make  use  of  existing  software,  developed  as  part  of  the  original  BM0N2 
system,  and  in  their  feasibility  stages  at  least,  require  no  serious  additions. 
The  brain  reconstruction  problem  after  initial  data  input  will  require  some 
disk  routines  on  the  System-20. 
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Factors  of  special  concern  this  year  have  been  the  role  that  macrophages  play 
in  particulate  invasion  of  the  lung. 

Examination  of  commercial  products  for  the  presence  of  fibers  in  the 
critical  range  has  been  started. 
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Project  Description 

Objectives:   Investigations  into  pulmonary  carcinogenesis  with  the 
suspect  pulmonary  carcinogens  for  man  and  the  factors  that  might  influence 
their  effect. 

I.  Wax  Infiltrates  of  the  Lung 

Pulmonary  Carcinogenesis  with  Air  Pollutants:   Studies  with  extracts  of 
collected  air  particulates  have  been  surprisingly  successful.   The  PAH  crude 
extract  obtained  from  the  EPA  proved  to  be  highly  carcinogenic  for  the  lung. 
We  are  now  in  the  process  of  testing  the  refined  fractions  from  this  crude 
condensate. 

Other  Explorations:   To  determine  the  response  of  other  organs  to  car- 
cinogens embedded  in  beeswax,  a  series  of  experiments  was  performed  in  which 
a  suspension  of  tobacco  and  beeswax  was  injected  into  various  organs  such  as 
pancreas,  spleen,  liver,  kidney,  adrenal  gland  and  lymph  node.   The  results 
appear  negative,  but  only  one  concentration  of  tobacco  was  used. 

Studies  are  being  made  with  known  and  suspected  carcinogens,  using  direct 
lung  injection  of  a  suspension  of  carcinogen  in  molten  beeswax  and  trioctanoin 
similar  to  the  procedure  used  for  the  air  pollutants  but  included  a  second 
group  of  animals  in  which  the  suspension  was  injected  into  the  pleural  cavity 
producing  a  "pad". 

II.  Fiber  Carcinogenesis 

Despite  the  handicap  of  working  in  temporary  facilities  pending  remodel- 
ing and  the  uncertainty  of  animal  housing  that  have  continued  through  the 
year,  progress  has  been  made  in  several  of  the  areas  outlined  last  year. 

As  previously  reported,  it  is  our  thesis  that  the  essence  of  fiber 
carcinogenicity  lies  in  the  durability  and  dimension  of  the  fiber.   Current 
correlation  studies  would  indicate  that  maximum  carcinogenicity  resides  in 
fibers  <  0.25  urn  dia.  x  >8  p  length.   However,  to  be  of  practical  signifi- 
cance these  figures  need  to  be  greatly  refined.   We  have  recently  examined 
and  tested  several  ceramic  fibers  that  have  the  great  advantage  of  being  of 
remarkably  uniform  diameter.   We  have  not  been  able  to  obtain  exceptionally 
fine  fibers  of  this  type  although  they  could  be  synthesized.   At  diameters 
of  3  urn,  the  fibers  are  not  carcinogenic.   It  seems  invaluable  at  this  point 
to  obtain  uniform  ultrafine  ceramic  fibers.   There  also  is  evidence  of  a 
minimal  size  limit  to  fiber  carcinogenicity,  i.e.  fibers  less  than  0.02  pm 
in  diameter  tend  to  ball-up  and  cease  acting  as  a  fiber — consequently  we 
have  seen,  only  minimal  evidence  of  cancer  from  attapulgite  and  halloysite. 

Finally,  a  major  effort  has  been  into  refining  methods  for  the  deter- 
mination of  fiber  dimension  and  size.   After  some  exploration,  we  have 
settled  on  a  system  of  two  montages  at  approximately  lOOx  and  500x  on  the 
same  fields — permitting  us  to  insure  that  all  sized  fibers  are  included  in 
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the  count.   Errors  and  changes  in  the  calibration  of  the  scope  from  hour  to 
hour  has  been  a  sizeable  problem.   Our  most  recent  approach  has  been  used  on 
13  crocidolite  samples  that  have  a  wide  range  in  carcinogenicity.   Counting 
and  calculating  is  now  complete  on  a  total  of  72  fibers  including  13  crocido- 
lite samples,  7  talcs,  2  tremolites,  7  Dawsonites,  2  attapulgites ,  4  Wolla- 
stonites,  8  different  aluminum  compounds,  2  halloysites,  1  silicon  carbide, 
as  well  as  additional  glass  fibers  used  in  commercial  insulating  material. 
The  results  have  for  the  most  part  borne  out  our  previous  contention  concern- 
ing the  relationship  of  fiber-size  to  carcinogenicity. 

An  investigative  project  of  clay  minerals,  specifically  attapulgite,  has 
been  presently  assigned  to  possibly  find  them  in  some  commercial  product  or 
pharmaceutical  drug  because  of  their  colloidal  properties.   This  will  involve 
obtaining  certain  manufactured  products,  dissolving  them  in  an  aqueous  so- 
lution and  examining  with  the  transmission  electron  microscope  for  the 
appearance  of  fibers. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  study  is  to  morphologically  identify  the  mechanism 
by  which  lysosomal  enzymes  are  secreted  and  taken  up  by  human  fibroblasts. 
Ultrastruc tural  cytochemistry  has  been  used  to  identify  two  populations  of 
lysosomes.   These .populations  have  been  found  to  be  constant  but  one  popula- 
tion disappears  with  mitosis  and  lysosomatropic  drugs.   The  mechanism  of  this 
dispersal  will  be  studied.   Purification  of  the  lysosomal  enzyme 
arylsulfa tase  A  will  be  attempted  in  addition  to  tracing  its  path  of  up- 
take by  cytochemical  methods. 
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Project  Description 

Objectives;  To  morphologically  identify  the  mechanism  by  which  human 
fibroblasts  secrete  and  absorb  lysosomal  enzymes. 

Major  Findings:   Two  populations  of  lysosomes  can  be  identified  by  bio- 
chemical, ultrastructural  and  cytochemical  methods  in  cell  fractions  in  addi- 
tion to  intact  fibroblasts.   These  populations  appear  to  be  present  indepen- 
dent of  culture  conditions  and  transformation.   However,  lysosomatropic  drugs 
and  normal  mitosis  result  in  the  disappearance  of  the  GERL  population. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  identification  of  two  populations  of  lysosomes  in  normal  fibroblasts  is 
a  significant  advancement  in  understanding  the  function  of  the  GERL,  golgi 
apparatus  and  lysosomes.   An  understanding  of  these  mechanisms  will  lead  to 
the  pathogenesis  and  treatment  of  some  genetic  diseases  as  well  as  the  role 
that  these  organelles  play  in  the  neoplastic  process. 

Proposed  Course:  The  mechanism  of  GERL  dissociation  will  be  studied. 
Purification  of  arylsulf atase  A  will  be  attempted  and  studies  conducted  on 
its  uptake  and  ultrastructural  localization. 

Publications 

1.  Rome,  L.H.,  Garvin,  A.J.,  Allietta,  M. ,  and  Neufeld,  E.F.:  Two 
species  of  lysosomal  organelles  in  cultured  human  fibroblasts.  Cell  17: 
143-153,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

CBA/N  mice    are    an   inbred    strain   of   animals    that   exhibit   an  X-linked 
deficiency    in    immune    responsiveness    to  certain   carbohydrate    antigens    including 
dextrans.      Isomaltodextrins    derived   by   partial    enzymatic    or   acid    hydrolysis 
of   dextran  were    coupled    as   haptens    to   the    protein   carrier   keyhole-limpet 
hemocyanin   and   were   used    as    immunogens.      These    glycoconjugates   were   used    to 
study    formation   of   antibodies    that   bind    dextran    in   normal    BALB/c    and 
(CBA/N  X   BALB/c)    F      females    and   males. 
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Project  Description 

Objectives:   To  investigate  immune  responsiveness  of  CBA/N  and  normal 
to  isomaltodextrin  oligosaccharide  determinants  coupled  to  a  protein 
carrier. 

Methods  Employed:  Isomaltodextrins  are  prepared  by  partial  enzymatic 
or  acid  hydrolysis  of  Leuconostoc  mensenteroides  strain  512.  Oligosaccha- 
rides are  derivatized  with  pr-(p-aminophenyl)  ethylamine  and  coupled  to  KLH 
after  activation  to  the  isothiocyanate.  Immune  responses  are  monitored  by 
isoelectric  focusing  of  mouse  sera  or  hemolytic  plaque  assays  of  spleen 
cells,  and  radioimmunoassays  for  various  IgG  subclasses. 

Major  Findings:   Analysis  of  the  antibody  response  to  B512  dextran 
(Dex)  and  to  isomaltotriosyl-(IM3)  and  isomaltohexosyl  (IM6)-KLH  conjugates 
in  two  strains  that  are  known  to  be  high  responder  strains  to  dextran  re- 
vealed the  following  about  cross-reactivity  patterns  between  the  native  poly- 
saccharide and  the  oligosaccharide  haptens:   1)  both  proteotype  strains, 
CBA  and  C57BL/6,  respond  to  IM3-KLH  and  IM6-KLH;  2)  the  responses  to  Dex 
and  IM6-KLH  are  completely  cross-reactive;  3)  in  CBA  mice  the  response  to 
IM3-KLH  is  completely  cross-reactive  with  Dex  and  vice  versa  but  in  C57BL/6 
mice,  the  antibodies  to  IM3-KLH  do  not  cross-react  with  dextran  and  the 
antibodies  to  Dex  do  not  cross-react  with  IM3-KLH;  4)  the  cross-reactivity 
patterns  exist  at  the  level  of  the  plaque  forming  cell  as  well  as  serum 
antibody;  5)  analysis  of  CBA  and  CBA  Igh  congenic  mice  reveals  that  the 
cross-reactivity  pattern  is  linked  to  Ig  allotype  and  probably  reflects  the 
Igh-V  region  repertoire;  6)  in  both  strains,  the  IEF  patterns  of  anti-Dex 
antibodies  elicited  by  IM6-KLH  is  more  complex  than  those  elicited  by  Dex 
itself.   The  general  conclusion  from  these  studies  is  that  in  order  to 
elicit  an  antibody  response  that  is  completely  cross-reactive  with  the  na- 
tive polysaccharide  by  the  use  of  oligosaccharide-protein  conjugates  in  all 
strains  of  mice  one  has  to  use  an  oligosaccharide  that  fills  the  antibody 
combining  site,  IM6,  rather  than  a  smaller  oligosaccharide,  IM3,  which  in 
some  strains  behaves  as  a  non-cross-reacting  hapten.   Finally,  one  can  in- 
crease the  heterogeneity  of  anti-polysaccharide  antibodies  by  using  oligo- 
saccharide-protein conjugates  as  immunogens  as  opposed  to  the  soluble  poly- 
saccharide. 

Studies  of  low  responder  strains  to  Dex,  such  as  mice  of  the  A  back- 
ground, and  non-responder  strains,  those  with  the  CBA/N  defect,  revealed 
that  in  both  cases,  IM6-KLH  can  be  used  to  elicit  anti-Dex  responses.   With 
regard  to  mice  with  the  CBA/N  defect,  the  primary  responses  to  IM6-KLH  are 
of  lower  magnitude  and  diversity  (as  assessed  by  IEF)  than  control  responses 
but  the  responses  after  boosting  appear  to  approach  those  of  controls. 
These  findings  suggest  that  low  or  unresponsiveness  to  polysaccharide  de- 
terminants can  be  overcome  by  the  use  of  an  appropriate  oligosaccharide- 
protein  conjugate  as  the  immunogen  and  suggest,  furthermore,  that  in  these 
instances  the  failure  to  respond  to  the  polysaccharides  is  not  due  to  an 
absence  of  Igh-V  regions  capable  of  combining  with  antigen  but  rather  a 
failure  to  respond  to  the  form  of  the  immunogen. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  immune  deficiency  of  CBA/N  mice  for  response  to  polysaccharide  antigens 
apparently  can  be  circumvented  when  polysaccharide  determinants  are  presented 
via  a  "T  cell  dependent"  route.   This  finding  opens  a  possible  route  to 
vaccination  against  bacterial  organisms  (e.g.  pneumococcus)  with  surface  poly- 
saccharides that  contain  abundant  repeating  carbohydrate  sequences  but  which 
may  be  poorly  immunogenic  in  their  native  state. 

Proposed  Course:   The  effects  of  length  of  oligosaccharide  chain,  epitope 
density,  and  modification  of  protein  carrier  will  be  investigated.   Further 
documentation  of  differences  in  IgG  subclasses  between  responding  strains  will 
also  be  carried  out. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  glucose -containing  tetrasaccharide  with  the  chemical  structure 
Glcal-6Glcal-4Glcal-4Glc  is  excreted  in  abnormally  large  amounts  in  the  urine 
of  individuals  with  glycogenoses  and  in  some  types  of  muscular  dystrophy 
(Lennartson,  G.  et  al.,  Biomed.  Mass  Spectrometry  3:   51-54,  1976).   This 
oligosaccharide  probably  represents  an  abnormal  metabolite  of  glycogen  in  that 
it  occurs  as  a  limit  dextrin  after  exhaustive  treatment  of  glycogen  with 
amylase.   Using  an  immunogen  prepared  by  coupling  the  oligosaccharide  to  the 
protein  carrier  KLH  we  have  obtained  specific  antibodies  that  can  be  used  to 
detect  100  pico  moles  of  the  reduced  oligosaccharide  by  radioimmunoassay. 
This  assay  will  be  used  to  study  the  relationship  between  glycogen  metabolism 
and  excretion  of  the  oligosaccharide. 
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Objectives:   1)  To  determine  the  relationship  between  urinary  excretion 
of  a  specific  glucose-containing  tetrasaccharide  (G)^  and  altered  states  of 
glycogen  metabolism.   2)  To  determine  whether  the  urinary  excretion  rate  of 
(G)/  can  be  used  as  an  indicator  of  tumor  burden  in  patients  with  tumors  that 
accumulate  glycogen. 

Methods  Employed:   A  radioimmunoassay  method  was  devised  using  rabbit 
antiserum  prepared  by  immunization  with  a  synthetic  glycoconjugate  containing 
(G)/  coupled  to  KLH.   Specificity  of  the  assay  was  established  by  comparing 
relative  activities  of  (G)a  and  several  other  glucose-containing  oligosaccha- 
rides with  related  structures  as  inhibitors  in  the  assay.   The  assay  has 
greatest  sensitivity  and  specificity  for  reduced  (G)^. 

Major  Findings:   1)  Patients  affected  with  types  II  and  III  glycogenoses 
excrete  (G),  at  rates  20  to  50  times  normal.   Unaffected  parents,  who  are 
heterozygous  for  the  recessive  trait,  excrete  (G)^  at  approximately  10  times 
the  normal  rate.   Some  unaffected  sibs  of  patients  excrete  (G)^  at  the  same 
rate  as  their  parents  while  others  excrete  normal  amounts.   2)  Patients  with 
Ewing ' s  sarcoma,  rhabdomyosarcoma,  chondroblastic  osteosarcoma,  and  some  types 
of  leukemia  excrete  (G),  in  urine  at  rates  up  to  30  times  normal.   Some 
patients  with  chronic  renal  disease  who  have  received  kidney  transplants  also 
excrete  (G)a  at  increased  rates. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  radioimmunoassay  for  (G),  in  human  urine  has  replaced  previously  used  di- 
rect chemical  analysis  which  required  several  days  workup  for  each  sample  to 
be  analyzed  by  gas  chromatography/mass  spectrometry. 

Determination  of  urinary  excretion  of  (G),  is  easy,  noninvasive,  and  in- 
expensive.  (G),  excretion  appears  useful  as  an  adjunct  to  other  conventional 
methods  for  screening  family  populations  suspected  as  carriers  of  recessive 
traits  related  to  abnormal  glycogen  metabolism.   Elevated  excretion  of  (G)^  in 
patients  with  tumors  that  accumulate  glycogen  appears  promising  as  an  indi- 
cator of  tumor  burden.   As  there  is  currently  no  biochemical  marker  for  sar- 
comas, similar  to  the  CEA  and  alpha-fetoprotein  markers  for  some  carcinomas, 
the  excretion  of  (G) .  offers  a  possible  biochemical  assay  for  monitoring  tumor 
burden  in  selected  patients. 

Proposed  Course:  Measurements  of  (G),  excretion  in  patients  with  neuro- 
muscular, metabolic,  and  neoplastic  diseases  will  continue  to  further  explore 
the  utility  of  this  assay  and  correlation  with  clinical  status. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Purified  alpha  subunits  from  human  chorionic  gonadotropin,  TSH,  FSH, 
and  LH  will  be  treated  with  neuraminidase  and  then  subjected  to  alkaline 
borohydride  degradation  followed  by  trifluoroacetolysis.   Oligosaccharides 
released  by  the  alkaline  borohydride  step  will  be  studied  by  gel  filtration, 
methylation  analysis  and  mass  spectrometry  of  the  permethylated  oligo- 
saccharide  derivatives.   Conditions  for  trifluoroacetolysis  will  be  adjusted 
so  as  to  destroy  reducing  amino  sugars  after  release  of  oligosaccharides 
from  chitobiosyl-asparagine  linkages.   Following  removal  of  N-trif luoroacetyl 
groups  from  any  remaining  amino  sugars  in  the  mixture,  oligosaccharides  will 
be  subjected  to  ion  exchange  chromatography  to  separate  "high  mannose"  from 
"complex"  type  chains.   The  oligosaccharides  obtained  will  be  subjected  to 
gel  filtration  chromatography,  high  voltage  electrophoresis  in  borate  buffer, 
and  paper  chromatography  to  investigate  possible  heterogeneity  of  carbohydrate 
chains.   Fractions  will  be  monitored  by  sugar  analysis  at  each  step. 
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Project  Description 

Objectives:   To  investigate  possible  differences  in  structure  of  carbo- 
hydrate chains  among  alpha  subunits  of  human  polypeptide  hormones. 

Methods  Employed:   We  are  applying  a  recently  developed  method  - 
trif luoroacetolysis  -  that  hydrolyses  the  polypeptide  portion  of  glycoproteins 
but  leaves  carbohydrate  chains  intact.   Conditions  can  be  adjusted  so  as  to 
selectively  destroy  certain  sugar  residues  such  as  reducing  amino  sugars. 
Heterogeneity  of  sugar  chains  will  be  investigated  by  gel  filtration,  high 
voltage  paper  electrophoresis  in  borate  buffers,  and  analysis  of  monosaccha- 
ride components  by  gas  chromatography  and  mass  spectrometry  after  conversion 
to  their  alditol  acetates.   Further  structural  analysis  will  be  carried  out 
if  sufficient  material  is  available. 

Major  Findings:   Alkaline  borohydride  degradation  of  hCG-alpha  does  not 
release  detectable  carbohydrate  indicating  absence  of  serine  or  threonine- 
linked  sugars  in  this  molecule.   Sugar  analysis  of  whole  hCG-alpha  and  of  the 
oligosaccharides  released  from  hCG-alpha  by  trif luoroacetolysis  gives  mono- 
saccharide ratios  incompatible  with  the  published  structure  for  asparagine- 
linked  carbohydrate  of  this  glycoprotein.   Methylation  analysis,  indicates 
that  the  asparagine  linked  oligosaccharides  of  hCG-alpha  are  structurally 
heterogeneous  in  that  a  substantial  fraction  of  the  chains  contain  at  least 
one  non-reducing  N-acetylglucosamine  residue.   Fractionation  of  the  oligo- 
saccharides released  by  trif luoroacetolysis  and  further  structural  studies  of 
these  oligosaccharides  are  now  in  progress. 

To  facilitate  structural  studies  on  biantennary  complex  type  asparagine- 
linked  carbohydrate  chains,  we  have  devised  a  series  of  chemical  steps  for 
selective  degradation  of  the  oligosaccharide: 

Gaipi-4GlcNH2Pl-2Manal 

Man 
3 
Galpl-4GlcNH2Pl-2Manal / 

obtained  following  trif luoroacetolysis  under  appropriate  conditions.   The 
above  structure  including  anomeric  configurations  can  be  proven  by 
1)  hydrolysis  in  sulfuric  acid,  2)  nitrous  acid  deamination  and  3)  chromium 
trioxide  degradation  followed  by  sugar  analysis,  methylation  analysis,  and 
GC/MS  of  the  permethylated  degradation  products. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
If  our  examination  of  alpha  subunits  derived  from  different  polypeptide  hor- 
mones reveals  differences  in  their  patterns  of  glycosylation,  these  differ- 
ences in  carbohydrate  structure  may  serve  as  a  marker  for  the  cell  of  origin 
for  endocrine  tumors  that  secrete  alpha  subunits.   At  present  radioimmuno- 
assays used  to  classify  endocrine  tumors  on  the  basis  of  the  hormones  they 
produce  identify  beta  subunits  but  cannot  distinguish  alpha  subunits  produced 
by  different  endocrine  cell  types. 
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Proposed  Course:   Model  oligosaccharides  are  being  prepared  from  the  car- 
bohydrate chain  of  transferrin  by  partial  enzymatic  hydrolysis.   These  oligo- 
saccharides will  be  compared  with  the  chains  released  from  hCG  to  determine 
the  type  and  extent  of  heterogeneity  in  glycosylation  of  the  hormone. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Hyperparathyroidism  in  man  is  a  syndrome  characterized  by  elevated 
parathormone  secondary  to  at  least  two  disorders:   1)  diffuse  hyperplasia  of  all 
four  parathyroid  glands  and  2)  parathormone  production  by  a  single  adenoma. 
Histologic  distinction  between  single  and  multiple  gland  disease  is  frequently 
impossible,  yet  this  is  desirable,  since  treatment  is  different.   Known  adenomas 
are  being  compared  to  known  hyperplastic  tissue  biochemically  and  ultra- 
struc turally ;  criteria  developed  from  this  study  group  will  then  be  applied  to 


a  larger  group  of  uncertain  etiology  in  an  attempt  to  separate  patients  with 
diffuse  hyperplasia  from  those  with  adenomas.   Unique  morphologic  features  are 
being  sought  in  an  effort  to  discriminate  the  two  groups  at  the  time  of  initial 
surgery.   Ultrastructural  analysis  of  parathyroid  tissue  is  being  compared  to 
other  criteria  namely  1)  Clinicopa thological  diagnosis;  2)  In  vitro  calcium 
suppressibility  of  parathyroid  cells;  3)  ABO  surface  antigen  presence  of 
absences. 
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Project  Description 

Objectives:   To  define  unique  morphologic  features  of  hyperplastic  versus 
adenomatous  tissue,  as  determined  by  biochemical  analysis  of  tissue  in  con- 
junction with  definitive  surgery. 

Methods  Employed:   Routine  techniques. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Dis- 
tinction between  autonomous  parathyroid  adenomas  and  secondary  parathyroid  hyper- 
plasia is  frequently  impossible  at  present.   The  ability  to  do  so  would  allow 
appropriate  therapy  initially,  in  contrast  to  the  frequent  reoperation  for  per- 
sistent hyperparathyroidism  or  occasional  iatrogenic  hypoparathyroidism  which 
result  from  current  therapy.   Single  dominant  gland  biopsy  and  study  could  ob- 
viate bilateral  neck  explorations  which  are  the  rule  currently.   The  NIH  is 
referred  a  unique  group  of  patients  who  have  persistent  hyperparathyroidism 
following  prior  unsuccessful  surgery.   The  ability  to  know  at  the  time  of  re- 
operation whether  or  not  an  abnormal  gland  that  is  found  can  be  expected  to  be 
the  only  pathological  tissue  (i.e.  single  gland  disease)  would  make  a  major 
impact  on  patient  morbidity  from  prolonged  extensive  reoperative  surgery. 

Major  Findings:   Over  forty  patients  have  been  operated  on  and  their 
tissues  characterized  histologically  and  biochemically.   Ultrastructural  exami- 
nation of  these  same  tissues,  without  foreknowledge  of  the  diagnosis,  has  been 
performed.   A  comparison  of  these  tissues  failed  to  identify  reliable  morpho- 
logic criteria  sufficient  to  distinguish  hyperplastic,  adenomatous,  and  normal 
parathyroids  from  one  another. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Amelanotic  melanoma  in  vivo  and  in  vitro  can  be  exceedingly  difficult 
to  identify  with  certainty.   Melanosomes,  when  present  by  electron  microscopy, 
are  unique  to  this  tumor.   Frequently,  however,  atypical  melanosomes  or  no 
cytoplasmic  granules  are  present.   In  such  cases,  diagnosis  and  therapy  are 
jeopardized  by  this  ambiguity.   This  project  is  intended  to  define  the  limits 
of  melanosome  morphology  unique  to  melanoma,  and  to  corroborate  this  with 
formaldehyde -induced  autofluorescence  of  the  same  tissue  or  culture. 
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Project  Description 

Objectives:   1.   Clarification  of  what  morphologically  constitutes  a 
melanosome  in  melanoma  cells.   2.   Identification  of  additional  morphologic 
characteristics  of  melanoma  cells.   3.   Evaluation  of  the  reliability  of  the 
paraformaldehyde-induced  autof luorescence  techniques  in  the  diagnosis  of 
melanoma. 

Methods  Employed:   1.   Early  passage  melanoma  lines  established  from 
melanoma  patients  diagnosed  by  rigid  criteria  in  our  institution  (and  other 
lines  for  comparison).   2.   Conventional  electron  microscopy.   3.   Parafor- 
maldehyde-induced autof luorescence  as  adapted  to  tissue  culture  cells. 

Major  Findings:   Twenty  unidentified  cell  lines  from  tumors  and  skin 
fibroblasts  have  been  examined  by  EM  and  compared  as  to  their  source.   Positive 
identification  of  melanosomes  was  possible  in  9  of  12  cases  of  melanoma  cul- 
tures.  Cytoplasmic  inclusions  resembling  melanosomes  were  found  in  2  additional 
cases;  two  of  these  were  of  fibroblast  origin,  however.   Fibroblast  cultures 
contained  only  heterogeneous  non-specific  cytoplasmic  inclusions,  easily  dis- 
tinguished from  melanosomes.   Thus,  only  positive  identification  of  melanosomes 
will  serve  to  identify  true  melanoma  cells  in  culture;  non-specific  structures 
resembling  melanosomes  are  insufficient  to  identify  tumor  cells,  as  they  may 
be  seen  in  fibroblasts  as  well.   Formaldehyde  induced  autof luorescence  did  not 
correlate  sufficiently  well  with  known  lineages  of  cell  lines  to  warrant  its 
use  as  a  reliable  technique;  fluorescence  of  cytoplasmic  granules  in  fibro- 
blast lines  (or  false  positive  results)  necessitated  recourse  to  EM  techniques. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Metastatic  melanoma  is  one  of  the  most  frequently  misdiagnosed  neoplasms  seen 
in  this  institute,  usually  by  lack  of  recognition.   More  precise  and  sensitive 
criteria  are  needed,  both  for  diagnostic  purposes  and  for  immunotherapeutic 
purposes;  e.g. ,  melanoma  cultures  intended  for  production  of  melanoma  antigens 
and  antisera  are  worthless,  or  worse,  if  the  actual  cell  lineage  is  incorrect 
or  unknown. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords' 


This    is    a    general    program   in    the    diagnosis    and    recognition    of   behavioral 
patterns    in    the    tumors    of    laboratory   animals    employing    techniques    in    light 
and    electron   microscopy   and    histochemistry.      Major    interest    is    currently 
focused    on   tumors    of    the    Osborne-Mendel    rat,    since    more    than   4,000   aged 
females    of    this    strain  have    been  necropsied    in    this    laboratory. 

This    project   has    been   phased    out   except    for    9   autopsies    on   aged    OM 
female    rats    (149-159  weeks    old). 
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pp.  577-609. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Stained  tissue  sections  are  the  fundamental  basis  of  all  clinical  and 
experimental  studies  of  cancer.   The  Section  prepares  histological  sections 
for  the  investigators  of  the  National  Cancer  Institute.   It  makes  available 
all  the  established  routine  and  special  stains  and  in  addition  develops  and 
provides  the  current  experimental  methods  of  tissue  preparation  such  as 
enzyme  stains  and  spec  if ic  histological  stains. 
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Publications 

1.      Coolidge,    B.J.,    and    Howard,    R.M. :      Animal  Histology   Procedures, 
ed.    2.      U.S.    Department    of   Health,    Education,    and  Welfare,    Public    Health 
Service,    NIH  Publication  No.    80-275.      Washington,    D.C.,    U.S.    Government 
Printing  Office,    1979,    198   pp. 


999 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl   CB   00518-02    LP 


PERIOD  COVERED 

October  1.  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Fate    of   IgE   Bound    to  Mast   Cells 


NAMES,   LABORATORY   AND    INSTITUTE  AFFILIATIONS,   AND   TITLES  OF    PRINCIPAL    INVESTIGATORS  AND   ALL   OTHER 
PROFESSIONAL    PERSONNEL    ENGAGED    ON   THE   PROJECT 


PI: 


OTHER: 


C.  Isersky     Senior  Investigator 

T.J.  Triche    Chief,  Ultrastructural  Pathology 

Pathology  (Surgeon) 
S.J.  Mims      Biologist 
J.  Rivera      Biologist 


A&R 
LP 


LP 
A&R 


NIAMDD 
NCI 


NCI 
NIAMDD 


COOPERATING  UNITS  (if  any) 


LAB/BRANCH 

Laboratory  of  Pathology 


SECTION 

Ultrastructural  Pathology  Section 


INSTITUTE  AND  LOCATION 

NCI.  NIH.  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 


12 


PROFESSIONAL: 


CHECK  APPROPRIATE  BOX(ES) 
□  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   0  (*2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


3  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

IgE  bound  to  the  surface  of  mast  cells  and/or  basophils  is  responsible 
for  the  immediate  hypersensitivity  reaction.   This  response  once  established, 
persists  for  prolonged  periods  of  time.   We  have  recently  shown  that  the 
mechanism  is  not  due  to  internalization  (J.  Immunol.  122:  1926-1936,  1979). 
Cross  linking  of  the  IgE  by  allergen  (or  other  means)  is  normally  necessary 
to  elicit  cell  degranulation,  which  results  in  histamine  release.   We  wish  to 
determine  if  analogous,  chemically  induced  cross  linking  affects  the  fate  of 
IgE  compared  to  monomeric  IgE.   The  possible  effect  of  oligomerized  IgE  bind- 
ing to  the  recently  described  IgG  Fc  of  basophils  is  also  being  investigated. 
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Project  Description 

Objectives :   To  study  the  effect  of  IgE  cross  linking  on  its  fate  after 
cell  surface  binding. 

Methods  Employed:   1.   Radiolabelled  IgE  binding  assays.   2.   Electron 
microscopic  autoradiography.   3.   Statistical  analysis  using  Salpeter's  tech- 
nique. 

Major  Findings:   1.   Oligomerization  of  IgE  with  a  chemical  cross  linker 
(dimethyl  suberimidate)  and  subsequent  binding  of  defined  oligomers  (n  =  2,  3, 
etc.)  to  cultured  basophil  leukemia  cells  results  in  time  dependent  internali- 
zation of  these  oligomers;  suberimidate  treated  monomeric  IgE,  like  untreated 
IgE,  is  not.   2.   This  internalization  is  temporally  independent  of  the  his- 
tamine release  or  exocytosis  induced  by  these  oligomers  (n  -  3).   3.   Internal- 
ization and  exocytosis  are  independent  events,  since  dimerized  IgE  is  internal- 
ized but  does  not  elicit  exocytosis.   4.   Although  IgE  normally  binds  only  to 
its  receptor,  oligomerized  IgE  displays  an  increased  affinity  for  the  Fc   re- 
ceptor; oligomerized  IgE  also  binds  to  the  Fc^.  receptor.   Despite  this,  the 
observed  internalization  of  oligomerized  IgE  is  not  due  to  Fc^  binding,  since 
saturation  of  this  receptor  with  IgG  has  no  effect  on  IgE  internalization  and 
minimal  effect  on  IgE  binding. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  findings  will  help  clarify  the  mechanism  by  which  hypersensitivity  re- 
actions, mediated  by  cell  bound  IgE  reactive  with  specific  allergens,  can  be 
provoked  after  prolonged  periods  of  time. 

Publications 

1.   Isersky,  C,  Rivera,  J.,  Mims,  S.J.,  and  Triche,  T.J.:   The  fate  of 
IgE  bound  to  rat  basophilic  leukemia  cells.  J.  Immunol.  122:   1926-1936,  1979. 
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Project  Description 

Objectives:   To  determine  the  mechanism  whereby  mast  cells  and  basophils 
retain  cell  bound  IgE  for  prolonged  periods  of  time. 

Methods  Employed:   1.   Radiolabeled  IgE  binding  studies.   2.   Electron 
microscopic  autoradiography.   3.   Statistical  analysis  using  Salpeter's  tech- 
nique. 

Major  Findings:   Preliminary  crude  analysis  indicates  no  preferential 
binding  to  microvilli  when  values  are  corrected  for  actual  membrane  surface 
area;  uncorrected  values  suggest  binding  to  microvilli  only  because  of  their 
greater  membrane  area.   Despite  this,  the  greater  membrane  area  accounted  for 
by  these  structures  does  result  in  greater  IgE  binding  to  microvilli. 

A  more  detailed,  computer  assisted  analysis  of  these  findings  is  underway. 

The  time  course  of  this  binding  is  also  being  investigated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Understanding  of  the  mechanism  by  which  individuals  retain  immediate  hyper- 
sensitivity to  various  haptens  such  as  pollen  and  insect  venom  for  exceedingly 
prolonged  periods  of  time  is  hampered  by  an  incomplete  understanding  of  the 
cellular  mechanisms  by  which  IgE  is  retained  on  the  cells  mediating  this  re- 
sponse.  This  study  is  designed  to  clarify  the  mechanisms  involved. 

Publications 

1.   Isersky,  C,  Rivera,  J.,  Mims ,  S.J.,  and  Triche,  T.J.:   The  fate  of 
IgE  bound  to  rat  basophilic  leukemia  cells.   J.  Immunol.  122:   1926-1936,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  is  an  investigation  of  the  effects  of  interactions  between  epithelium 
and  stroma  during  transformation  of  epithelium  from  normal  to  neoplastic  state. 
The  systems  studied  are:   1)  Tumors  of  the  submandibular  salivary  gland  of  mice, 
induced  by  polyoma  virus;  2)  Mammary  tumors  of  mice,  spontaneous  or  induced  by 
mammary  tumor  virus  (MTV).   The  methods  used  involve  neoplastic  transformation  of 
epithelium  in  the  presence  or  absence  of  specific  types  of  mesenchyme  (stroma). 
The  results  are  evaluated  on  the  basis  of  morphological  and  biological  properties 
of  the  resulting  neoplasms.   Findings  are  that  neoplastic  changes  induced  in 
salivary  epithelium  by  polyoma  virus  have  widely  variable  characteristics,  de- 
pending on  whether  the  transformational  and  post-transformational  events  take 
place  in  the  presence  or  absence  of  stromal  cells.   Stromal  cells  are  not  neces- 
sary for  epithelial  cell  transformation,  but  epithelium  transformed  in  a  micro- 
environment  devoid  of  other  cellular  components  gives  rise  to  tumors  that  are 
morphologically  more  atypical  and  biologically  more  aggressive  than  tumors  in- 
duced either  in  vivo  or  in  organotypic  culture.   The  evidence  suggests  that  stro 
mal  components  may  act  to  inhibit  or  decelerate  tumor  progression  and  to  influ- 
ence  the  type  and  degree  of  differentiation  expressed  by  the  neoplastic  cells. 
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Project  Description 

Objectives:   Most  neoplasms,  like  normal  tissues,  show  the  ability  of 
their  stem  cells  to  undergo  some  degree  of  differentiation  and  to  manifest  some 
amount  of  functional  activity.   Developmental  biologists  have  shown  that  an 
important  determinant  in  normal  morphogenesis  and  differentiation  of  glandular 
organs  is  the  interaction  between  the  epithelial  and  mesenchymal  components. 
Therefore  it  should  follow  that  the  nature  of  epithelial-mesenchymal  interaction 
in  progress  when  neoplastic  transformation  of  epithelium  takes  place  will  in 
some  degree  affect  the  kind  and  the  extent  of  differentiation  of  the  resulting 
tumor.   The  object  of  this  project  is  to  test  this  hypothesis  and  to  determine 
whether  interference  with  epithelio-mesenchymal  interactions  can  modify  the 
effectiveness  of  carcinogenic  agents  or  the  properties  of  the  neoplasms  they 
induce. 

Methods  Employed:   I.   Work  primarily  originated  in  this  laboratory: 
Polyoma  virus/mouse  salivary  gland  system. 

Methods  for  preparing  polyoma  virus,  inducing  tumors  _in  vivo,  and  trans- 
forming salivary  epithelium  in  vitro  have  been  described  in  previous  Annual 
Reports  and  in  published  papers  (See  Dawe,  C.J.:   Epithelial-mesenchymal  inter- 
actions in  relation  to  the  genesis  of  polyoma-induced  tumours  of  mouse  salivary 
gland.   In  Tissue  Interactions  in  Carcinogenesis,  D.  Tarin,  (ed.),  Academic 
Press,  1972,  pp.  305-353.   Tumors  induced  in  vivo  are  compared  morphologically 
with  those  derived  from  salivary  epithelium  transformed  in  vitro,  by  light  and 
transmission  electron  microscopy.   During  the  past  year,  efforts  have  been 
focused  on  the  following  areas: 

(a)  On  studies  of  the  interaction  of  tumor  cells  with  normal  embryonic 
salivary,  dental,  and  skin  mesenchymes,  respectively.   These  studies  are  per- 
formed by  combining  these  respective  mesenchymes  with  tumor  cells  transformed 
by  PV  in  tissue  culture  and  then  observing  the  effects  on  the  structure  and 
behavior  or  the  tumors  resulting  when  the  various  combinations  are  grown  as 
tumors  in  mice.   Previous  work  had  shown  no  effect  of  normal  mesenchyme  on 
salivary  tumors  induced  _in  vivo.   The  objective  in  this  area  is  to  find  ways 
to  modify  tumor  behavior  by  applying  mechanisms  effective  in  normal  tissue 
development. 

(b)  Dr.  Fisher  has  been  analyzing  and  comparing  isozyme  patterns  for 
over  30  isozymes  in  polyoma  tumors  originating  in  various  organs  in  vivo  and 
from  transformation  of  salivary  epithelium  and  mesenchyme  _in  vitro.   The 
method  for  separating  and  identifying  isozymes  is  starch  gel  electrophoresis 
followed  by  addition  of  appropriate  substrates  and  reaction  of  split  products 
with  non-diffusible  dye-forming  reagents.   The  objective  of  this  work  is  to 
determine  whether  particular  isozymes  (and  their  corresponding  alleles)  are 
controlled  by  virus  alone,  by  cell  alone,  or  by  interactions  of  the  two.   The 
experiments  are  also  designed  to  show  whether  microenvironmental  influences, 
particularly  epithelial-mesenchymal  interactions,  can  control  in  a  reproducible 
way  the  gene  activation  patterns  that  result  from  interaction  of  virus  with 
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specific  target  cell  types. 

II.   In  a  collaborative  project  with  Dr.  Mark  Israel,  attempts  are  made  to 
transform  salivary  epithelium  by  transfection  with  whole  polyoma  virus  genome 
attached  or  unattached  to  E.  coli  plasmid,  and  with  a  variety  of  fragments  of 
PV  genome  cloned  by  Dr.  Israel  after  fragmenting  at  specific  sites  by  use  of 
various  restriction  enzymes.   In  this  work  a  suitable  culture  system  is  still 
being  sought  (see  below).   The  objective  of  the  study  is  to  determine,  on  the 
basis  of  morphological,  biological,  and  isozyme  properties  of  the  resultant 
tumors,  whether  specific  portions  of  the  PV  genome  can  be  correlated  with 
specific  tumor  properties  in  the  parameters  cited.   By  characterizing  tumors 
induced  by  the  minimal  essential  PV  genomic  fragment,  it  may  become  possible 
to  identify  those  changes  essential  to  neoplastic  development. 

Major  Findings:   I.  (a):   In  general,  the  intermixing  of  tissue-specific 
embryonic  mesenchymes  (salivary,  dental,  skin)  with  PV-trans formed  salivary 
epithelium  did  not  significantly  alter  either  the  structural  properties  or  the 
biological  behavior  (growth  rate,  invasiveness)  of  the  resultant  tumors.   How- 
ever, an  unexpected  finding  was  that  when  fetal  skin  mesenchyme  was  added  to 
one  of  the  transformed  culture  cell  lines  (TMI,),  about  25%  of  the  resultant 
tumors  contained  foci  of  melanin  pigmentation  within  them.   Histological  and 
TEM  studies  of  these  foci  revealed  that  the  melanin  pigmentation  could  be 
attributed  to  the  presence  of  melanin-producing  melanocytes  derived  from  the 
normal  dermis  as  well  as  to  melanin-containing  tumor  cells.   Since  there  is  no 
precedent  for  believing  that  epithelial  cells  of  salivary  origin  are  capable 
of  synthesizing  melanin  and  the  tumor  cells  did  not  contain  pre-melanosomes, 
it  is  concluded  that  all  of  the  melanin  was  synthesized  by  normal  melanocytes 
and  was  then  transferred  to  tumor  cells  in  a  manner  analagous  to  the  transfer 
of  melanin  from  normal  melanocytes  of  hair  follicle  papillae  to  normal  hair 
follicle  epithelium. 

This  interpretation  would  suggest  that  salivary  epithelium  might  be  able 
to  respond  to  dermal  mesenchyme  by  forming  hair.   Such  a  capability  of  sali- 
vary epithelium  has  not  previously  been  recognized.   Preliminary  experiments 
in  which  whole  salivary  gland  rudiment  or  pure  salivary  rudiment  epithelium 
have  been  combined  with  fetal  dermis  are  in  progress  and  have  resulted  in 
hair  development.   Additional  experiments  are  under  way  to  exclude  the  possi- 
bility that  dermal  isolates  may  be  contaminated  with  epidermal  epithelium. 

(b)   In  the  past  year  Dr.  Fisher  has  made  rapid  progress.   She  has 
found:   1.   Isozyme  patterns  of  polyoma-transformed  cells  are  altered  from 
those  of  the  normal  tissues  from  which  the  tumors  are  derived. 

2.   For  mouse  polyoma  tumors  induced  _in  vivo,  each  organ-specific 
tumor  shows  an  isozyme  profile  or  "signature"  that  is  constant  and  specific 
for  organ  of  origin,  with  the  exception  of  salivary  gland  and  mammary  glands, 
which  have  identical  profiles.   This  exception  is  interesting  since  the  iso- 
zyme patterns  of  normal  salivary  and  mammary  glands  differ  for  a  number  of 
enzymes  (phosphoglucomutase,  glycerol-2  3-phosphate  dehydrogenase,  lactate 


1006 


Z01  CB  00521-10  LP 

dehydrogenase,  sorbitol  dehydrogenase,  xanthine  dehydrogenase,  and  acid  phos- 
phatase). Yet  the  isozyme  patterns  for  these  enzymes  are  the  same  in  polyoma 
tumors  of  these  organs. 

3.  Placental  alkaline  phosphatase  isozyme  was  found  in  tumors  of  salivary 
gland,  mammary  gland,  kidney,  and  dental  epithelium,  but  not  in  tumors  of  the 
thymus,  hair  follicle,  or  subcutaneous  connective  tissue.   Placental  AP  was 
found  in  only  2  of  14  tumors  derived  from  salivary  gland  cells  transformed 

in  vitro. 

4.  Isozyme  profiles  for  salivary  cells  transformed  in  vitro  were  more 
variable  than  those  for  salivary  tumors  induced  in  vivo. 

II.   In  the  collaboration  with  Dr.  Israel  we  have  had  little  success  so  far  in 
transforming  salivary  epithelium  with  PV  DNA.   In  only  2  instances,  in  both  of 
which  whole  PV  genome  without  plasmid  was  used,  have  we  succeeded  in  transform- 
ing salivary  epithelium  in  culture.   No  transformations  have  been  obtained  with 
fragments  of  genome.   With  whole  infectious  PV  there  has  been  no  difficulty 
in  transforming  epithelium  regularly. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
I.  (a)   The  induction  of  melanin  synthesis  in  normal  melanoblasts  and  the  endo- 
cytosis  of  that  melanin  by  salivary  tumor  cells  are  probably  merely  new  exam- 
ples of  ways  in  which  neoplastic  cells  can  retain  functions  inherited  from 
their  normal  progenitors.   Active  participation  in  these  functions  does  not 
seem  to  change  the  growth  rate  or  other  properties  of  the  tumor,  and  therefore 
the  observation  has  no  immediate  application  to  cancer  therapy  or  prevention. 
It  has  some  interesting  theoretical  and  possibly  practical  aspects,  however. 
For  example  it  led  us  to  the  discovery  that  salivary  epithelium  has  some  of  the 
same  developmental  potentials  as  epidermis;  i.e.,  hair  follicle  development  and 
hair  formation.   This  being  the  case  it  is  predictable  that  salivary  epithelium 
from  a  C^H/Hr/hr  mouse,  when  grafted  onto  dermis  of  a  CoH/hr/hr  mouse,  will 
produce  normal  hairs  in  an  otherwise  hairless  mouse.   It  also  explains  the 
heretofore  paradoxical  condition  in  humans  known  as  Fordyce's  spots,  in  which 
sebaceous  glands  occur  in  the  oral  mucous  membranes.   Further,  it  suggests 
that  hair  follicles  and  salivary  glands,  both  predilective  sites  for  polyoma 
tumors,  are  more  closely  related  developmentally  than  was  previously  supposed. 
The  observation  gives  further  support  therefore  to  our  postulate,  stated  in 
1966,  that  organ  site  selectivity  of  PV  is  based  on  some  ontogenetic  and  phylo- 
genetic  commonality  in  the  organs  affected. 

I.  (b)  The  findings  in  Dr.  Fisher's  work  have  important  basic  implications, 
as  they  suggest: 

1.   That  the  interaction  between  virus  and  target  cell  results  in  patterns 
of  gene  expression  specific  for  the  organ  of  origin  and  the  state  of  differen- 
tiation of  the  target  cell.   This  indicates  a  difference  between  virus-induced 
and  chemically-induced  tumors  if  one  can  generalize  from  a  comparison  of 
Dr.  Fisher's  data  with  data  from  chemically-induced  hepatomas.   In  the  latter 
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(Morris  hepatomas)  others  have  shown  that  there  is  rather  wide  divergence  of 
gene  expression  as  appraised  by  isozyme  analysis.   If  the  above  postulate  is 
correct,  it  may  be  reasonable  to  suspect  viral  etiology  for  certain  groups 
of  tumors  of  a  particular  organ  and  with  a  single  isozyme  profile  in  common. 

2.  That  transformation  in  vivo  and  in  vitro,  even  by  the  same  virus, 
involves  different  events  in  gene  expression,  reflecting  differences  in  the 
microenvironment  of  the  target  cells  during  and  after  the.  transforming  events. 

3.  That  the  PV  acts  on  relatively  "primitive"  types  of  genes  in  relation 
to  ontogenetic  phenomena.   This  is  suggested  by  one  particular  set  of  her 
observations  taken  in  conjunction  with  the  results  of  work  done  by  Sakakura. 
Dr.  Fisher  found  that  although  salivary  gland  and  mammary  gland  differ  in 
their  isozyme  patterns  for  at  least  6  enzymes  (see  above),  the  polyoma  tumors 
of  these  2  organs  show  identical  isozyme  patterns.   Sakakura  found  that  sali- 
vary mesenchyme  could  substitute  for  mammary  mesenchyme  in  inducing  early 
mammary  gland  morphogenesis,  but  that  mammary  epithelium  interacting  with 
salivary  mesenchyme  still  produced   -lactalbumin  under  the  influence  of  pro- 
lactin.  Taken  together  these  two  observations  suggest  that  PV  acts  on  or 
causes  activation  of  gene  sites  that  are  employed  during  early  organogenesis, 
but  not  during  cytodif f erentiation;  hence  the  identical  isozyme  patterns  for 
mammary  and  salivary  tumors,  fitting  with  the  interchangeability  of  mammary 
and  salivary  mesenchyme  during  the  early  phases  of  organogenesis. 

II.   The  significance  of  the  collaboration  with  Dr.  Israel  cannot  be  asessed 
until  further  results  are  obtained.   It  will  be  of  Interest  to  see  if  isozyme 
patterns  of  salivary  tumors  induced  by  incomplete  PV  genome  differ  from  those 
of  tumors  induced  by  whole  genome. 

Proposed  Course:  At  present  a  large  amount  of  data  has  accumulated  which 
should  be  published.  Material  for  at  least  4  detailed  publications  is  availa- 
ble, and  during  the  next  year  our  objective  will  be  to  complete  these  papers 
after  some  minor  "clean-up"  work.  Dr.  Fisher's  Fellowship  will  terminate  at 
the  end  of  the  coming  fiscal  year,  and  it  is  possible  that  the  PI  may  retire 
from  his  present  position.  In  any  case,  start-up  of  new  experiments  will  be 
deferred  until  current  work  is  completed  and  reported. 
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Mouse.   Lyon,  France,  IARC  Publications  No.  7,  1979,  pp.  91-134. 

2.  Sakakura,  T. ,  Nishizuka,  Y. ,  and  Dawe,  C.J.:   Capacity  of  adult  mam- 
mary fat  pad  to  interact  morphologically  with  embryonic  mammary  epithelium. 
J.  Natl.  Cancer  Inst.  63:   733-736,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Fibronectin  is  generally  lost  from  virally  induced  tumors  in  vitro. 
In  contrast,  human  malignancies  in  vitro  may  or  may  not  possess  fibronectin 
on  their  surfaces;  examples  of  each  have  been  reported.   Since  the  cells  are 
grown  in  serum  containing  fibronectin.  the  distinction  between  adsorbed  and 
synthesized  fibronectin  must  be  made.   Metabolic  incorporation  of  radio- 
labelled  precursors  indicates  synthesis  and  binding  generally  correlate  well; 
non-specific  adsorption  of  bovine  fibronectin  does  not  appear  to  occur;  thus, 
loss  of  fibronectin  from  the  cell  surface  does  not  uniformly  occur  in  human 
tumors  in  vitro. 
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Project  Description 

Objectives:   1.   To  define  whether  or  not  fibronectin  synthesis  and  bind- 
ing are  functions  lost  by  malignant  cells.   2.   To  study  the  nature  of  fibro- 
nectin binding  and  its  relationship  to  other  proteins  such  as  collagen  and 
integral  membrane  proteins. 

Major  Findings:   1.   Fibronectin  is  present  in  some  human  malignancies 
in  vitro.   2.   Fibronectin  is  also  synthesized  by  these  same  cells.   3.   There 
is  no  correlation  between  in  vitro  fibronectin  synthesis  and  tumor  production 
in  nude  mice.   4.   Fibronectin  is  not  of  value  as  an  in  vitro  index  of  malig- 
nancy.  5.   Cloning  of  one  especially  well  characterized  cell  line  from  a 
patient  with  fibrosarcoma  has  demonstrated  heterogeneity  in  FN  synthesis  by 
different  clones;  some  synthesize  FN  and  others  do  not.   Also,  at  least  one 
clone  both  synthesizes  and  binds  FN;  this  line  also  appears  more  substrate 
adherent  and  less  transformed.   6.   These  findings  suggest  a  lack,  of  correla- 
tion between  tumorigenicity  and  FN  synthesis,  but  support  the  concept  that 
cell  binding  of  FN  influences  cell  morphology,  whether  normal  or  malignant. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   Re- 
liable indices  of  _in  vitro  malignant  cell  growth  are  necessary  if  the  phenomenon 
of  malignant  transformation  is  to  be  studied.   Classical  indices,  such  as 
phenotype,  chromosomal  analysis,  and  contact  inhibition,  are  not  reliable. 
Loss  of  fibronectin  has  been  suggested  as  such  an  indicator;  recent  work  by 
ourselves  and  others  indicates  this  is  not  true,  at  least  in  the  case  of  human 
cells. 

Proposed  Course:   Other  facets  of  fibronectin  synthesis  and  binding 
evaluated,  such  as  the  distribution  of  fibronectin  over  the  cell  surface  in 
normal  and  tumor  cells,  the  binding  affinity,  and  the  interaction  with  sub- 
strate proteins  such  as  collagen,  the  relationship  of  secreted  FN  versus  cell 
bound  FN  by  tumor  cells,  and  the  ability  of  cell  FN  from  normal  fibroblasts 
to  induce  normal  morphology  of  transformed  tumor  cells. 
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SUMMARY  OF  WORK  (200  words  op  less  -  underline  keywords) 

Trif luoroacetolysis    is    a    recently-developed   method    that   releases    oligo- 
saccharides   intact   from  glycoproteins    and    glycolipids.      Carbohydrate   chains   re- 
leased  as    a   mixture    from  whole    tissues,    tissue    fractions,    or   cells    grown    in 
culture,    are    easily   recovered    in   nearly  quantitative   yield    and    reconstituted    to 
their  native    form.      Analysis    of   the   majority   of   oligosaccharides    containing 
six   or    fewer   monosaccharide   units    is    performed   by  combined    gas    chromatography 
and   mass    spectrometry  of   permethylated,    N-trif luoroacetylated    oligosaccharide 
derivatives.      Analysis    for   certain  specific    oligosaccharides    is    carried    out   by 
radioimmunoassay  using  antibodies    produced   against    purified    oligosaccharides 
coupled    to   polypeptide   carriers.      It   is    anticipated    that    the    repertoire    of 
oligosaccharide   chains    produced   by  cells    or    tissues   will   reflect   states    of 
cellular   differentiation   and   reveal   potential   cell   surface   markers. 
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Project  Description 

Objectives :   To  separate  and  identify  the  major  oligosaccharide  chains 
present  in  mammalian  cells  and  to  correlate  the  occurrence  of  specific  oligo- 
saccharide structures  with  states  of  cellular  differentiation. 

Methods  Employed;   Oligosaccharides  are  released  by  trif luoroacetolysis 
from  whole  mammalian  tissues,  tissue  fractions,  or  cells  grown  _in  vitro.   An 
aliquot  of  the  mixture  of  sugar  chains  is  reconstituted  and  fractionated  by 
gel  filtration  chromatography.   Fractions  are  analyzed  directly  by  radioimmuno- 
assay.  The  remainder  of  the  mixture  is  treated  so  as  to  leave  nitrogen  atoms 
of  amino  sugars  trif luoroacetylated  and  is  reduced  and  permethylated.   This 
preparation  is  analyzed  by  combined  gas  chromatography-mass  spectrometry. 

Major  Findings;   An  oligosaccharide  mixture  released  from  a  human  adeno- 
carcinoma of  colon  was  studied  by  radioimmunoassay.   Lacto-N-f ucopentase  III 
(LNF  III)  was  present  in  large  amounts  in  a  tumor  (4.4  nmol/gm  lyophilized 
tissue)  as  compared  with  normal  colonic  mucosa  from  the  same  individual 
( <  0.2  nmol/gm).   In  contrast,  carcinomas  of  breast  and  ovary  contained  less 
than  5  percent  as  much  LNF  III  as  the  colonic  tumor  tissue.   Conditions  for 
separation  of  permethylated  oligosaccharide  alditols  have  been  established 
using  oligosaccharide  standards  obtained  from  purified  glycolipids  and  from 
human  milk.   Analysis  by  gas  chromatography-mass  spectrometry  will  await 
installation  of  a  new  instrument  for  that  purpose. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
There  is  abundant  evidence  that  cell  surface  carbohydrates  can  mediate  speci- 
fic binding  of  hormones,  toxins,  immunoglobulins,  lectins,  and  other  macro- 
molecules.   This  project  is  designed  to  survey  the  similarities  and  differ- 
ences in  oligosaccharide  patterns  produced  by  cells  at  various  stages  of 
cellular  differentiation  in  order  to  develop  chemical  and  immunologic  markers 
for  cellular  differentiation.   In  cases  where  major  differences  exist  between 
normal  and  tumor  tissues,  oligosaccharides  may  be  useful  as  tumor-specific 
markers. 

Proposed  Course:   Investigations  of  oligosaccharides  released  from  human 
tissues  will  continue  using  radioimmunoassay  and  GC/MS  methodology  developed 
for  this  purpose.   A  range  of  cell  and  tissue  types  will  be  tested  including 
cells  in  culture  that  respond  to  "differentiating  agents",  fetal  and  adult 
tissues,  and  tumors. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Separation   of   reduced   and    permethylated    oligosaccharides   by  gas    chroma- 
tography can   be    facilitated   by  the   use    of  a    fused   silica   capillary  column 
100  meters    long  coated   with  methyl   silicon.      The    presence    of   N-acetylhexosamines 
in   oligosaccharides    increases    retention   time   and   decreases    efficiency   of   separa- 
tion.     Transamidation   of  hexosamines   by   trif luoroacetolysis    followed   by   re- 
duction,   removal   of   0-trif luoroacetyl   groups    and    permethylation  dramatically  re- 
duces   the    retention    time    of  hexosamine-containing   oligosaccharides    and    permits 
useful   separation  of   oligosaccharides   containing  up   to   six  monosaccharide 
units,    regardless    of  how  many   of    these   are   hexosamines.      The   mass    spectra    of 
permethylated    oligosaccharides   with  N-trif luoroacetylated    amino  sugars    show  un- 
expectedly high  abundances    of   mass    ions    containing   the   N-trif luoroacetyl   group. 
As   many   of   these    ions   are    large,    they   provide   useful    information   regarding 
oligosaccharide    structure. 
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Project  Description 


Objectives:   To  develop  methods  for  separation  and  analysis  of  oligo- 
saccharides by  gas  chromatography  and  mass  spectrometry. 

Methods  Employed:   Following  trif luoroacetolysis,  oligosaccharides  are 
treated  with  sodium  borohydride  and  methanolic  ammonia  and  finally  are  per- 
methylated.  _N-trifluoroacetylated  and  permethylated  oligosaccharide  alditols 
are  separated  by  gas  chromaotgraphy  using  a  fused  silica  capillary  column 
50  meters  long  coated  with  methyl  silicon.   The  column  effluent  is  passed 
without  separation  into  a  mass  spectrometer. 

Major  Findings:   Using  appropriate  temperature  programs  oligosaccharides 
with  closely  related  structures  can  be  separated  rapidly.   For  example,  two 
milk  oligosaccharides  with  the  following  structures: 

Galpl-4GlcNAcgl-3Galpl-4Glc       (LNnT)   10.5  min 
Galpl-3GlcNAcpl-3Galpl-4Glc       (LNT)    10.2  min 

can  be  separated  completely  with  the  retention  times  shown.   Mass  spectra  of 
these  compounds  contain  ions  resulting  from  primary  cleavage  at  all  glycosidic 
bonds  as  well  as  secondary  fragments.   The  abundance  of  most  of  these  frag- 
ments is  greater  than  15  percent. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Structural  analysis  of  oligosaccharides  released  from  biological  glycoconju- 
gates  usually  requires  purification  and  multiple  analytical  procedures  to 
establish  sugar  sequence,  linkage  positions,  and  anomeric  configuration.   The 
gas  chromatography/mass  spectrometry  method  under  development  will  permit  a 
direct  estimate  of  structural  diversity  in  oligosaccharide  mixtures  and,  in 
many  cases,  identification  of  oligosaccharides  according  to  retention  time  and 
mass  spectrum  by  comparison  with  standards.   This  method  will  be  useful  in 
many  studies  of  carbohydrate  structure,  for  example,  it  should  provide  a  means 
of  determining  the  repertoire  of  oligosaccharide  structures  present  on  cell 
surface  membranes.   The  oligosaccharides  of  cell  surfaces  may  be  useful  indi- 
cations of  cellular  differentiation. 

Proposed  Course:   Studies  have  been  carried  out  on  approximately  thirty 
standard  oligosaccharides  derived  from  human  milk,  glycolipids,  and  other 
sources.   Additional  oligosaccharides,  including  asparagine-linked  chains  of 
glycoproteins  will  be  tested. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
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Project  Description 

Objectives:   To  determine  the  chemical  structure  of  the  carbohydrate  por- 
tion of  haptoglobin. 

Methods  Employed:   Following  sugar  analysis  of  whole  purified  haptoglobin, 
the  carbohydrate  chains  are  released  by  trif luoroacetolysis.   Further  specific 
chemical  degradative  steps  including  Smith  degradation,  nitrous  acid  deamina- 
tion,  chromium  trioxide  oxidation,  and  selective  acid  hydrolysis  produce  prod- 
ucts which  are  analyzed  by  sugar  analysis,  methylation  analysis,  and  per- 
methylation  of  oligosaccharides.   Analyses  at  all  stages  are  carried  out  by 
combined  gas  chromatography-mass  spectrometry. 

Major  Findings:   Haptoglobin  contains  fucose,  mannose,  galactose, 
N-acetylglucosamine,  and  N-acetylneuraminic  acid  in  approximate  molar  ratios 
of  1:5:5:9:5.   N-acetylneuraminic  acid  and  galactose  occur  at  non-reducing 

termini  as  NANA2-3Gal Fucose  is  linked  to  the  3  position  of  a  GlcNAc 

residue.   Mannose  residues  disubstituted  in  the  3  and  6  or  the  2  and  4  posi- 
tions constitute  branch  points  and  occur  in  a  molar  ratio  of  2:1. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Determination  of  the  carbohydrate  structure  of  haptoglobin  may  define  the 
chemical  structure  responsible  for  specific  uptake  of  the  hemoglobin-hapto- 
globin  complex  by  hepatocytes.   As  this  uptake  system  appears  to  be  function- 
ally distinct  from  other  glycoprotein  uptake  systems,  it  provides  an  oppor- 
tunity for  the  study  of  independent  function  and  regulation  of  two  membrane 
bound  receptors  on  the  same  cell. 

Proposed  Course:   Structural  analysis  is  in  progress  and  will  continue. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Analyze    the    composition   of   bile  and    gallstones    from  patients  with 

carcinoma    of   the    gallbladder   as   well  as    from  certain  racial    groups, 

e.g.    American  Indians,    who  are   known  to  have    a  high   incidence    of   gallbladder 
cancer. 
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Project  Description 

Objectives :   Determine  if  there  are  differences  in  the  composition  of 
bile  or  stones  from  patients  with  cancer  of  the  gallbladder  as  opposed  to 
patients  without  cancer. 

Methods  Employed:   Analytical  chemistry  methods,  such  as  gas  chromatog- 
raphy, thin  layer  chromatography,  and  column  chromatography. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 
Determine  if  there  are  differences  in  the  composition  of  bile  in  patients 
with  cancer  of  the  gallbladder  and  biliary  tract.   Results  might  indicate 
that  certain  metabolites  are  carcinogenic  in  some  population  groups. 

Proposed  Course:   Continue  to  analyze  bile  from  patients  concentrating 
on  types  of  bile  acids  and  polar  and  non-polar  derivatives  of  cholesterol. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Viruses   belonging   to   the   human  herpesvirus    family   induce    a    receptor    for 
the   Fc    portion   of  IgG   during   their    lytic   cycle.      We   are    studying   the    receptors 
induced   by  herpes    simplex  virus    in  mammalian  cells.      We   are   also   studying    the 
induction   of  Fc    receptors    in    lymphoblastoid   cell    lines   by  Epstein-Barr  virus. 
Definition  and   characterization   of   the    receptor  will   allow  us    to  gain   insights 
on   the    possible   biological   role    of   the    receptor   during    lytic    infection. 

The   effects    of  n-butyrate   and    propionate    upon   the    lytic    cycle    of   papova- 
and   herpesvirus    are   being  studied.      N-butyrate   and    propionate   cause   hyperacetyl- 
ation   of  histones    in  mammalian  cells,    and    it   is    of    interest    to   study   their 
effect   on   the    replication   of  DNA  viruses. 

We  are  also  studying  biological  properties  of  human  tumors  carried  in  nude 
mice  and  of  tissue  culture  cell  lines  derived  thereof.  The  synthesis  of  speci- 
fic   tumor  products    that   serve   as   markers    and    their    regulation   is   being   studied. 
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Project  Description 
Virus-cell  Interaction 

a)  Herpes  simplex  virus  (HSV)  induce  Fc  receptor.   Previous  studies  by 
Unnur  Thorgeirsson  showed  that  a  50,000  molecular  weight  protein  can  be  par- 
tially purified  from  African  green  monkey  cells  infected  with  HSV  on  the  basis 
of  Fc  receptor  activity.   However,  the  purification  of  the  activity  to  homo- 
geneity is  difficult  and  not  reliable  with  HSV  infected  VERO  cells.   A  strong 
affinity  Fc  receptor  can  be  induced  by  HSV  in  a  cell  line  derived  from  a 
granulocytic  leukemia,  the  HL-60  cell  line.   Preliminary  experiments  have  shown 
that  the  activity  can  be  solubilized  from  cell  membranes  and  that  the  activity 
can  be  purified  by  affinity  chromatography  using  an  IgG-1  myeloma  protein  as 
the  ligand.   Studies  of  the  Fc  receptor  indiginous  to  the  cell  show  that  there 
are  at  least  two  bands  on  SDS  gels  associated  with  the  Fc  receptor  activity. 

We  plan  now  to  follow  the  same  protocol  to  isolate  the  Fc  activity  from  HSV 
infected  HL-60  cells  and  examine  the  activity  by  SDS  PAGE  gels. 

b)  Further  studies  on  the  induction  of  Fc  receptors  by  Epstein-Barr  virus 
have  shown  that  the  number  of  Fc  receptors  increase  during  induction  of  the 
Epstein-virus  lytic  cycle  in  lymphoblastic  cells  and  that  the  cells  developing 
Fc  binding  activity  on  the  surface  also  express  MA  or  membrane  associated  EBV 
antigens.   Fc  receptors  cannot  be  induced  in  RAJI  cells  which  are  known  to  have 
a  block  in  the  lytic  cycle  of  EBV  (at  the  EA  level).   In  addition  we  are  study- 
ing the  effect  of  propionate  on  lymphoblastic  EBNA  positive  cell  lines.   We 
have  found  that  propionate  induces  expression  of  EBV  antigens. 

c)  The  effect  of  sodium  butyrate  and  sodium  propionate  on  the  lytic  cycle 
of  papovaviruses  and  of  the  herpes  simplex  is  being  studied,   whereas  n-butyrate 
consistently  inhibits  the  growth  of  BK  virus  (papovavirus) ,  it  has  no  effect  on 
herpes  simplex  virus.   In  contrast,  preliminary  results  indicate  that  pro- 
pionate stimulates  the  growth  of  BK  virus  at  low  doses. 

d)  The  synthesis  of  different  types  of  collagen  by  a  human  chondrosarcoma 
carried  in  nude  mice  is  being  studied. 

e)  The  synthesis  of  alpha-f eto-protein  by  a  yolk  sac  carcinoma  trans- 
planted in  nude  mice  is  being  studied.   The  transplantable  tumor  will  provide 
a  reagent  for  immunolocalization  studies. 

Publications 

1.   Costa,  J.C.,  and  Rabson,  A.S.:   Latent  infection  by  herpes  simplex 
virus.   In  Sommers,  S.C.,  and  Rosen,  P.P.  (Eds.):   Pathology  Annual  14: 
Part  II,  pp.  61-68,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Mouse  mammary  tumor  cells  displayed  switches  in  retrovirus  expression  - 
from  type  B  to  type  C  -  during  passage  in  culture.   Though  type  B  virus  pro- 
duction was  shut  down,  the  late  passage  cultures  continued  to  synthesize  type  B 
viral  RNA  and  major  structural  proteins.   However,  some  minor  species  of  viral 
RNA  may  not  be  properly  transcribed  or  processed  in  late  passage  cultures.   Thus 
the  expression  may  be  regulated  at  the  level  of  processing  of  viral  RNA  or 
assembly  of  virus  particle.   Tumor  promoter,  TPA,  stimulated  the  production  of 


MMTV  (type  B)  in  early  passage  cultures  that  was  in  part  related  to  increased 
synthesis  of  viral  RNA.   Interferon  inhibited  virus  production  without  signifi- 
cant effect  on  viral  RNA  synthesis. 

Analysis  of  the  sequence  complexity  of  mRNA  in  human  breast  cancer  cells  in 
culture  revealed  three  abundance  classes.   The  total  complexity  of  mRNA  in  these 
cells  was  higher  than  most  other  mammalian  cells  and  it  was  not  affected  sig- 
nificantly by  prolactin. 
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Project  Description 

Objectives :   To  investigate  the  regulation  of  viral  and  cellular  gene 
expression  and  their  modulation  by  hormones  and  other  chemical  agents. 

Methods  Employed:   The  major  methods  employed  include  molecular 
hybridization,  cell  free  protein  synthesis,  and  gel  electrophoretic 
analysis. 

Major  Findings:   Murine  System:   A  change  in  retrovirus  expression 
occurred  in  mouse  mammary  tumor  cells  (MmSmt/c, )  with  passage  in  culture. 
Whereas  at  early  passages,  these  cells  produced  mouse  mammary  tumor  virus 
(MMTV)  (type  B  retrovirus),  they  produced  ecotropic  type  C  retrovirus(es) 
at  late  passages.   The  late  passage  cultures  continued  to  synthesize  or 
accumulate  MMTV  RNA  and  major  structural  proteins  at  about  the  same  level 
as  early  passage  cultures.   In  contrast,  the  steady  state  level  of  type  C 
retroviral  RNA  in  early  passage  cultures  was  orders  of  magnitude  lower 
than  that  in  late  passage  cultures,  although  the  major  type  C  viral 
structural  proteins  were  detectable  in  both  early  and  late  passage  cul- 
tures.  It  appeared,  however,  that  not  all  of  the  viral  RNA  transcripts 
present  in  virus  producing  cultures  were  also  present  in  virus  nonproducing 
cultures.   RNA,  particularly  polysomal  (A+)RNA,  from  early  passage  cultures 
drove  more  MMTV  cDNA  into  hybrid  than  RNA  from  late  passage  cultures.   The 
converse  was  the  case  when  hybridizations  were  performed  with  MuLV  cDNA. 
These  results  suggest,  but  do  not  prove,  that  some  minor  species  of  viral 
RNA  is  either  not  transcribed,  or  more  likely,  not  processed  properly  in 
cultures  not  producing  that  virus.   It  is  not  yet  clear  if  the  switch  in 
retrovirus  expression  is  related  to  generational  aging  of  the  cells  in  cul- 
ture or  to  selection  of  subpopulations  during  passage. 

In  a  related  study,  we  found  that  phorbol  ester  TPA,  a  tumor  promoter, 
stimulated  the  production  of  MMTV  in  early  passage  Mm5mt/c,  cells.   The 
stimulation  was  in  part  related  to  the  Increased  accumulation  of  MMTV  RNA  in 
the  cells.   In  contrast,  interferon  inhibited  the  production  of  MMTV  without 
significant  effect  on  the  steady-state  level  of  intracellular  viral  RNA. 

Human  System:   We  have  analyzed  the  sequence  complexity  of  polyadenyl- 
ated  RNA  (total  cellular,  cytoplasmic,  and  polysomal)  in  human  breast  cancer 
cells  in  cultures.   As  with  other  mammalian  cells,  poly(A)   RNA  displayed 
three  abundance  and  complexity  classes.   The  total  complexity  of  cellular 
or  polysomal  poly(A)   RNA  in  these  cells  was  found  to  be  higher  than  that 
reported  for  most  other  mammalian  cells  in  culture.   The  complexity  of  cyto- 
plasmic poly(A)   RNA  appeared  to  be  slightly  higher  than  polysomal  poly(A) 
RNA.   If  not  artifactual,  this  would  suggest  differential  stability  of 
different  classes  of  mRNA  or  differential  processing  and  polysomal  selec- 
tion.  Further,  the  total  complexity,  but  not  the  distribution,  of  mRNA 
transcripts  was  not  affected  by  prolactin  treatment  of  cells  in  culture. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
A  delineation  of  control  elements  regulating  viral  and  cellular  gene  ex- 
pression may  provide  insights  for  understanding  malignant  transformation* 
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An  investigation  of  modulation  of  viral  and  cellular  functions  by  hormones 
and  other  chemical  agents  may  lead  to  the  development  of  new  diagnostic  and 
therapeutic  modalities. 

Proposed  Course:   Murine  System:   The  switch  in  retrovirus  expression 
in  mouse  mammary  tumor  cells  has  been  documented.   Three  major  questions 
remain:   (1)   How  the  expression  of  one  or  other  type  of  virus  is  regulated; 
(2)   What  is  the  genesis  of  these  switches  -  aging  versus  subpopulation 
propagation;  and  (3)   What  is  the  underlying  mechanism(s) .   Regarding  the 
first  question,  we  wish  to  test  if  all  the  virus  information  is  in  fact 
transcribed  and  processed  properly  at  a  passage  level  where  a  given  virus 
is  not  produced  extracellularly .   This  will  be  done  by  evaluating  the  com- 
plexity of  viral  sequences  in  total  and  polysomal  RNA  by  using  subgenomic 
viral  probes.   The  second  question  will  be  approached  by  starting  with 
single  cell  clones  of  these  cells  and  determining  if  these  cells  also  dis- 
play switches  in  retrovirus  expression  in  a  manner  similar  to  that  already 
described.   To  make  some  progress  regarding  the  third  question,  we  will 
test  the  hypothesis  that  switch  in  retrovirus  expression  is  related  to  the 
translocation  of  viral  genes  within  the  host  genome.   This  will  be  done  by 
cleaving  the  cell  DNA  from  early  and  late  passage  cultures  and  blot- 
hybridization  of  separated  fragments  with  genomic  and  subgenomic  viral 
probes. 

Human  System:   (a)   Breast  cancer  cells.   It  remains  possible  that  the 
expression  of  differentiated  genes  is  regulated  at  the  level  of  processing 
or  translation  of  mRNA.   Studies  will  be  initiated  to  determine  if  these 
cells  synthesize  alpha  lactalbumin  and  casein  RNA  with  or  without  con- 
comitant production  of  the  corresponding  proteins.   We  are  particularly 
interested  in  analyzing  prolactin-caused  modulation  of  these  genes  and 
their  products.   (b)   Prostate  cancer  cells.   We  have  obtained  human  pros- 
tatic cancer  cells  that  produce  significant  amounts  of  specifically  pros- 
tatic acid  phosphatase.   In  addition,  these  cells  when  injected  into  nude 
mice  produce  tumors  that  secrete  large  amounts  of  prostatic  acid  phospha- 
tase.  Studies  will  be  initiated  to  isolate  mRNA  for  prostatic  acid  phos- 
phatase.  Starting  with  nascently  labeled  polysomes  precipitated  with 
prostatic  acid  phosphatase  antibody,  RNA  will  be  enriched  for  desired  mRNA 
by  sizing,  in  vitro  translation  and  immunoprecipitation. 

Publications 

1.  Arya,  S.K.,  Gordon,  B. ,  and  Young,  N.A. :   Polynucleotide  inhibi- 
tion of  RNA  directed  DNA  polymerase  of  type  B  (MMTV)  and  type  C  (SiSV) 
retroviruses.   Molec.  Pharmacol.  16:   297-305,  1979. 

2.  Chawda,  R. ,  Job,  L.,  Horoszewicz,  J.S.,  Carter,  W.A.,  and 
Arya,  S.K. :   Effect  of  bromodeoxyuridine  and  interferon  on  cellular  and 
viral  functions  in  human  prostatic  cells.   Oncology  36:   35-39,  1979. 

3.  Job,  L. ,  Arya,  S.K.,  Carter,  W.A.,  and  Horoszewicz,  J.S.: 
Oncorna virus-like  particles  produced  by  human  prostatic  explant  cultures. 
Oncology  36:   248-253,  1979. 
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4.  Horoszewicz,  J.S.,  Leong,  S.S.,  Arya,  S.K.  et  al:   The  LNCaP  cell 
line  -  a  new  model  for  studies  on  human  prostatic  carcinoma.   In 
Murphy,  G.P.  (Ed.):   Model  Systems  for  Prostate  Cance'r.   New  York, 

Alan  R.  Liss,  Inc.,  1980. 

5.  Arya,  S.K. :   Simian  sarcoma  virus  related  sequences  in  DNAs  from 
human  prostatic  tissues.   Oncology  37:   83-88,  1980. 

6.  Arya,  S.K. ,  Job,  L. ,  and  Chawda,  R. :   Retrovirus-like  particles 
released  by  human  prostate  cells.   Oncology  37:   129-135,  1980. 

7.  Arya,  S.K.:   Phorbol  ester-mediated  stimulation  of  the  synthesis 
of  mouse  mammary  tumor  virus.   Nature  284:   71-72,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

K  virus  is  a  papovavirus  related  immunologically  to  SV40  and  polyoma, 
known  oncogenic  papovaviruses .   The  purpose  of  the  study  is  to  evaluate 
K  virus  biologically  in  tissue  culture,  characterize  the  disease  states  it 
is  responsible  for  in  infection  of  the  mouse,  and  characterize  the  virus 
biochemically. 
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Project  Description 


Objectives:   Characterization  of  the  nucleic  acid  of  this  virus  and  eval- 
uate its  relationship  to  other  known  papovaviruses.   This  is  a  non-oncogenic 
virus  and  the  analysis  of  the  organization  of  its  early  region  should  provide 
information  as  to  the  mechanisms  of  oncogenesis  involved  with  polyoma  virus, 
to  which  it  is  related. 

Methods  Employed:   Restriction  endonuclease  analysis,  hybridization  tech- 
niques, and  immunologic  relationships  by  immunofluorescence. 

Major  Findings:   By  hybridization  techniques  we  have  mapped  regions  of 
the  genome  conserved  between  K  virus  and  polyoma;  and  between  K  virus  and  the 
primate  papovaviruses.   A  manuscript  describing  these  studies  is  in  prepara- 
tion. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  papovaviruses  are  known  to  be  oncogenic  in  laboratory  animals.   An  evalu- 
ation of  these  viruses  from  a  comparative  viewpoint  will  be  useful. 

Proposed  Course:   Because  of  the  genetic  relationship  of  the  early  region 
of  K  virus  to  those  of  the  oncogenic  polyomaviruses  BK,  SV40,  and  Py,  we  plan 
to  examine  the  transcriptional  and  translational  products  of  the  early  region 
of  this  virus.   We  plan  to  clone  the  genome  in  pBR322  and  use  various  frag- 
ments of  the  DNA  to  transfect  rat  cells  by  the  calcium  technique. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  is  a  continuing  study  in  comparative  oncology,  designed  to  identify 
and  characterize  neoplasms  in  lower  animals  including  cold-blooded  vertebrates 
and  the  invertebrates .   By  studying  neoplasms  in  animals  phylogenetically  more 
remotely  removed  from  man,  it  is  hoped  to  gain  a  more  complete  understanding  of 
the  basic  biology  of  neoplasia  at  all  phylogenetic  levels.   It  is  expected  that 
such  studies  will  reveal  properties  of  neoplasia  not  previously  suspected  to 
exist  because  of  the  excessively  narrow  scope  of  studies  limited  to  the  higher 
animals  and  man.   Important  differences  in  the  immunologic,  biochemical,  and 
regenerative  characteristics  of  the  lower  animals  should  serve  to  emphasize 
the  relevance  of  these  characteristics  to  the  development  of  and  the  suscepti- 
bility to  neoplasia.   In  addition,  by  study  of  neoplasms  in  lower  animals  under 
feral  conditions,  these  neoplasms  may  be  found  to  serve  as  indicators  of 
environmental  tumorigenic  agents.   Neoplasms  are  collected,  either  in  the 
field  or  through  submittal  from  outside  sources,  and  are  studied  morphologi- 
cally and  biologically.   Light  and  electron  microscopy,  tissue  culture,  trans- 
plantation, and  tumor  induction  methods  are  applied. 
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Project  Description 

Objectives :   Viewing  neoplastic  diseases  as  a  group  of  biological  phenome- 
na that  probably  affect  metazoans  at  all  phylogenetic  levels,  selected  prob- 
lems have  been  chosen  for  investigation,  based  on  availability  of  tumor  ma- 
terial relevance  to  research  needs  concerned  with  man  and  other  mammals. 

A.  Cell  culture  studies  of  neoplasms  in  cold-blooded  vertebrates  are  in 
progress.   Objectives  are  to  determine  (a)  whether  neoplastic  cells  of  these 
animals  are  able  to  grow  continuously  in  cell  cultures  in  standard  mammalian 
growth  media;  (b)  whether  such  cell  cultures  retain  tumorigenic  properties; 
(c)  whether  such  cell  cultures  retain  dif f erentiative  properties  of  the  cell 
of  origin;  (d)  whether  viruses  are  present  in  the  cultured  cells;  (e)  whether 
the  cell  lines  can  be  transplanted  to  allogeneic  and  xenogeneic  hosts;  and 
(f)  whether  it  may  be  possible  to  produce  immunologic  responses  against  these 
tumor  cell  lines  in  mammalian  hosts  that  might  indicate  antigens  specific  for 
dif ferentiative  cell  type  but  non-specific  for  species  of  origin  of  the  tumors . 

B.  Studies  of  certain  tumors  (papillomas  of  pleuronectid  fishes  and 
pseudobranch  tumors  of  Pacific  gray  cod)  are  being  done  to  determine  the  nature 
of  as  yet  unidentified  "X  cells"  in  these  "tumors".   At  present  it  is  suspected 
that  X  cells  are  parasitic  in  nature  and  that  the  "tumors"  containing  them 

are  not  neoplasms  by  most  definitions  of  the  term. 

Methods  Employed: 

A.  When  living  specimens  of  tumor-bearing  animals  are  presented,  usually 
from  outside  sources  such  as  zoos  and  fish  hatcheries,  portions  of  tumor  tissue 
are  taken  either  at  biopsy  or  necropsy  and  placed  in  culture,  using  standard 
methods.   Cultures  are  kept  at  room  temperature  instead  of  at  temperatures 
used  for  mammalian  or  avian  cells.   Outgrowths  of  cells  are  observed  and  colo- 
nies with  features  that  match  those  of  the  neoplastic  cell  type  by  histologic 
criteria  are  selected  for  continued  culture.   When  the  selected  colonies  show 
capability  of  continuous  growth,  serial  subcultures  are  carried  out  and  sam- 
ples of  cells  are  examined  microscopically  and  by  transmission  electron  mi- 
croscopy.  The  cell  type  is  characterized  structurally  and  viruses  or  other 
microorganisms  are  looked  for.   Established  cell  lines  are  inoculated  into 
recipients  of  the  same  species,  into  embryonated  eggs  of  the  same  species,  or 
into  athymic  mice  in  the  hope  of  obtaining  transplanted  tumor  lines. 

B.  Studies  of  X  cells  in  pseudobranch  tumors  use  conventional  histo- 
logical methods  strengthened  by  special  techniques  performed  by  the  collab- 
orators.  Dr.  Garvin  and  Mr.  Poore  assist  in  TEM  and  DNA-binding  fluorescent 
dye  techniques,  Ms.  Habbersett  in  flow  fluorometry,  and  Dr.  Fisher  in  isozyme 
analysis.   Dr.  Garvin,  although  moving  to  the  Medical  University  of  South 
Carolina,  has  agreed  to  perform  peroxidase-antiperoxidase  staining  of  X  cells 
using  antisera  prepared  at  FCRC  in  rabbits  immunized  against  X  cell  suspen- 
sions prepared  by  the  PI.   The  antisera  have  been  prepared  and  will  be 
shipped  to  Dr.  Garvin  for  preliminary  testing. 
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Major  Findings: 

A.  The  chondrosarcoma  cell  lines  of  corn  snake  origin  and  the  trout 
nephroblastoma  cell  line  have  been  characterized  and  reported  in  a  publication 
cited  below,  scheduled  to  appear  in  June,  1980.   The  cell  lines  continue  to  be 
maintained,  but  no  new  work  with  them  is  planned  for  the  immediate  future. 

B.  Study  of  X  cells  in  cod  pseudobranch  tumors  has  progressed.   All  of 
the  histological,  ultrastructural,  and  cytochemical  observations  support  the 
view  that  these  cells  are  protistan  in  nature,  and  not  neoplastic  cells  of 
codfish  origin.   Imprint  preparations  stained  with  the  Feulgen  reaction, 
fluorescent  bisbenzimidazole,  and  conventional  Wright's  stains  have  enabled 
us  to  visualize  the  sequence  of  nuclear  changes  preparatory  to  and  through 
the  mitotic  cycle  of  X  cells,  and  these  are  most  characteristic  of  protozoans 
in  the  family  Hartmanellidae,  although  it  is  possible  that  the  X  cells  in  the 
cod  represent  only  one  phase  in  the  life  cycle  of  a  haplosporidan,  also  a 
protistan  with  an  amoeboid  phase.   X  cells  in  some  of  our  cases  form  multi- 
nucleated plasmodia  in  which  nuclear  division  is  synchronous.   In  some  in- 
stances plasmodial  forms  have  contained  as  many  as  80  nuclei.   The  nuclear 
membrane  appears  to  break  up  during  division  and  a  Feulgen-negative  karyosome 
reforms  following  division.   Division  figures  have  been  identified  in  ordinary 
H&E  sections  of  X  cells  and  are  completely  uncharacteristic  of  any  known  nor- 
mal or  neoplastic  vertebrate  mitosis.   The  flow  fluorometric  analysis  shows 

2  distinct  peaks  of  DNA  content  per  cell,  one  corresponding  to  X  cells  and 
the  other  to  normal  cod  cells.   The  X  cell  peak  indicates  a  content  of  only 
30%  as  much  DNA  per  X  cell  as  per  normal  cod  cell.   This  gives  strong  support 
to  the  position  that  the  X  cells  are  protistan.   Still  further,  Dr.  Fisher's 
isozyme  analyses  show  the  presence  of  several  isozymes  in  X  cells  that  are  non- 
existent in  host  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
We  consider  the  evidence  to  be  now  very  strong  that  X  cell  "tumors"  in  a 
large  variety  of  fishes  are  actually  protistan  parasitic  infestations.   If 
the  peroxidase-antiperoxidase  immunological  tests  further  confirm  this  im- 
pression, the  evidence  will  be  overwhelming,  and  cancer  researchers  who  have 
long  considered  diseases  containing  X  cells  to  be  neoplasms  will  have  to 
abandon  this  concept. 

Proposed  Course:   After  completing  the  immunological  work  described  above, 
a  report  will  be  prepared  for  publication.   Extension  of  this  work  is  not 
planned,  as  it  would  appear  that  further  identification  of  X  cells  is  pri- 
marily a  problem  in  parsitology. 


Publications 

1.   Dawe,  C.J.:   Rapporteur's  resume  and  comments  on  session  on  leukemias 
and  related  diseases  in  poikilotherms.   In  Yohn,  D.S.,  Lapin,  B.A. ,  and 
Blakeslee,  J.R.:   Advances  in  Comparative  Leukemia  Research  1979.   New  York, 
Elsevier  North  Holland,  Inc.,  1980,  pp.  193-204. 
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2.   Dawe,  C.J.,  Small,  J.D.,  Banfield,  W.G.,  and  Woronecki,  D.E.: 
Chondrosarcoma  of  a  corn  snake  (Elaphe  guttata)  and  nephroblastoma  of  a  rain-' 
bow  trout  (Salmo  gairdneri)  in  cell  culture.   In  Montali,  R.  and  Migaki,  G. 
(Eds.):   Comparative  Pathology  of  Zoo  Animals.   Washington,  D.C.,  Smithsonian 
Institution  Press.   (In  press) 


1030 


'SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl   CB   00542-03   LP 


PERIOD  COVERED 


October  1.  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Studies  on  Oncogenic  Primate  DNA  Viruses 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:  P.M.    Howley 

OTHER:        M.-F.    Law 

F.    Rentier-Delrue 


Senior   Surgeon 
Visiting  Fellow 
Visiting  Associate 


LP  NCI 

LP  NCI 

LP  NCI 


COOPERATING  UNITS  (if  any) 


LAB/BRANCH 

Laboratory  of  Pathology 


ShCTION 

Viral  Oncology  and  Molecular  Pathology  Section 


INSTITUTE  AND  LOCATION 

NCI,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 


PROFESSIONAL: 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 

□  (a)   HUMAN  SUBJECTS 

□  (al)  MINORS   □  (a2)  INTERVIEWS 


(b)  HUMAN  TISSUES 


□  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This    study    involves    the    characterization   of    the    primate    polyomaviruses    BK, 
JC,    SV40,    STMV,    and   SA12.      Each   of    these    polyomaviruses    is    oncogenic    in  hamsters 
and   can   transform  certain   rodent   cells    in   culture.      BK  and   JC   are   each  human 
polyomaviruses.      The    purpose    of    this   work    is    to  better   characterize   BK  and    JC 
at   a   biologic    and   molecular    level    to  better   understand    their    potential    roles    in 
human   disease. 


1031 


PHS-6040 
(Rev.    10-76) 


Z01  CB  00542-03  LP 

Project  Description 

Objectives :   We  are  presently  focusing  our  efforts  on  an  understanding  of 
the  human  polyomavirus  JC.   This  virus  is  associated  with  progressive  multi- 
focal leukoencephalopathy  in  man  and  is  oncogenic  in  hamsters  as  well  as  owl 
monkeys.   Our  current  studies  are  designed  to  understand  the  genetic  organi- 
zation of  the  genome  and  an  evaluation  of  this  virus  in  human  neoplasia. 

Methods  Employed:   Nucleic  acid  hybridization,  restriction  endonuclease 
analysis,  tissue  culture,  and  recombinant  DNA  technology. 

Major  Findings:  1.  Orientation  of  JC  genome  to  those  of  BK  and  SV40  by 
hybridization  analysis.  2.  Molecular  cloning  of  JC  genome  (Mad-1  strain)  in 
pBR322  at  Eco  RI  site  and  at  Bam  HI  site.  A  manuscript  describing  this  clon- 
ing is  in  preparation.  3.  Demonstration  in  collaboration  with  Dr.  Ken  Takamoto 
(NIAID)  that  these  cloned  DNAs  have  biologic  activity  and  can  transform  human 
amnion  cells.  4.  Purification  of  JC  DNA  directly  from  two  different  human 
PML  brains  by  differential  salt  precipitate. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  studies  will  provide  a  better  understanding  of  JC  virus,  a  known  human 
pathogen. 

Proposed  Course:   1.   Molecular  cloning  of  the  two  new  JC  DNAs  from  PML 
brain  and  analysis  of  their  biologic  activity.   2.   By  subcloning  of  JC  mole- 
cules, a  more  detailed  analysis  of  sequences  necessary  for  oncogenic  trans- 
formation.  3.   An  analysis  by  immunoprecipitation  of  viral  proteins  associated 
with  this  transformation.   4.   Direct  sequencing  of  DNA  origin  of  replication, 
"agnogene"  region,  early  and  late  transcriptional  promoters,  and  early  region 
segments  associated  with  transformation. 


Publications 

1.  Howley,  P.M.,  Israel,  M.A. ,  Law,  M.-F.,  and  Martin,  M.A. :   A  rapid 
method  for  detecting  and  mapping  homology  between  heterologous  DNA.   Evalua- 
tion of  polyomavirus  genomes.   J.  Biol.  Chem.  254:   4876-4883,  1979. 

2.  Law,  M.-F.,  Martin,  J.D.,  Takemoto,  K.K.,  and  Howley,  P.M.:   The  co- 
linear  alignment  of  the  genomes  of  papovaviruses  JC,  BK,  and  SV40.   Virology 
96:   576-587,  1979. 

3.  Howley,  P.M.:   The  molecular  biology  of  SV40  and  the  human  papova- 
viruses BK  and  JC.   In  Klein,  G.  (Ed.):   Viral  Oncology.   New  York,  Raven 
Press,  1980,  pp.  489-550. 

4.  Howley,  P.M.:   The  DNA  sequence  of  the  human  polyomavirus  BK. 
Nature  284:   124-125,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

There  are  to  date  seven  recognized  human  papillomaviruses  (HPV)  and  four 
bovine  papillomaviruses  (BPV).   The  human  papillomaviruses  are  each  associated 


with  distinct  clinical  entities  varying  from  common  warts  to  condyloma 
accuminata  and  laryngeal  papillomatosis.   The  bovine  papillomaviruses  cause 
f ibropapillomas  and  alimentary  tract  papillomas  in  their  natural  host  and  in- 
duce tumors  in  hamsters  when  injected.   None  of  these  viruses  can  be  propagated 
in  tissue  culture.   We  have  molecularly  cloned  the  genomes  of  several  human 
papillomaviruses . 
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Project  Description 

Objectives:   1.   To  clone  the  various  papillomavirus  genomes  in  bacterial 
systems  in  order  to  be  able  to  generate  standard  nucleic  acid  reagents. 
2.   To  analyze  the  transcriptional  products  of  the  papillomaviruses  both  in 
vivo  and  using  a  variety  of  ^n  vitro  systems.   3.   To  localize  and  characterize 
the  transforming  regions  of  the  various  papillomaviruses  known  to  be  oncogenic. 

Methods  Employed:   Nucleic  acid  hybridization,  restriction  endonuclease 
analysis,  immunologic  techniques,  bacterial  cloning,  DNA  sequencing,  and 
tissue  culture. 

Major  Findings:   1.   We  have  molecularly  cloned  the  entire  genome  of 
HPV-la,  HPV-lb,  HPV-2,  and  HPV-4  as  well  as  the  genomes  of  BPV-1  and  BPV-2  in 
pBR322.   A  paper  describing  the  cloning  of  the  human  papillomaviruses  has  been 
submitted  to  the  Journal  of  Virology.   2.   Previous  studies  have  not  shown  any 
homology  between  the  genomes  of  any  of  the  human  papillomaviruses  or  among  the 
genomes  of  papillomaviruses  of  remote  species.   Using  the  Southern  blot  tech- 
nique and  viral  DNA  probes  nick  translated  to  high  specific  activity  we  have 
demonstrated  conserved  DNA  sequences  among  the  genomes  of  HPV-1,  BPV-1,  BPV-2, 
and  Shope  cottontail  rabbit  papillomavirus  (CRPV).   These  sequences  can  only 
be  detected  under  less  stringent  hybridization  conditions  under  which  homolo- 
gous segments  with  up  to  35%  base  mismatch  are  thermally  stable.   An  extension 
of  our  studies  showing  that  there  has  been  as  much  sequence  divergence  among 
the  human  papillomavirus  types  as  there  has  between  the  human  and  bovine 
papillomavirus  is  submitted  to  the  Journal  of  Virology.   3.   In  collaboration 
with  Dr.  Lowy  of  the  Dermatology  Branch  we  have  assayed  the  biologic  activity 
of  the  cloned  DNAs  and  have  found  that  the  cloned  BPV-1  and  BPV-2  DNAs  are 
each  capable  of  transforming  mouse  cells  in  tissue  culture.   The  BPV-1  cloned 
DNA  has  been  shown  to  induce  tumors  in  hamsters.   We  have  thus  far  not  been 
able  to  demonstrate  a  biologic  activity  to  the  cloned  HPV  DNAs.   4.   In  col- 
laboration with  Dr.  Lowy  of  the  Dermatology  Branch  we  have  demonstrated  that  a 
subgenomic  fragment  of  the  BPV-1  DNA  is  capable  of  inducing  transformation. 
The  69%  piece  of  the  genome  mapping  from  0.31  to  1.0  map  units  can  transform 
mouse  cells.   This  transforming  region  appears  conserved  at  the  level  of  30% 
base  mismatch  in  the  human  papillomavirus  genomes.   A  manuscript  describing 
this  transformation  by  a  subgenomic  fragment  of  BPV-1  DNA  has  been  submitted 
to  Nature. 


Publications 

1.  Law,  M.-F.,  Lancaster,  W.D.,  and  Howley,  P.M.:  Conserved  polynucleo- 
tide sequences  among  the  genomes  of  papillomaviruses.  J.  Virol.  32:  199-207, 
1979. 

2.  Lowy,  D.R.,  Dvoretzky,  I.,  Shober,  R. ,  Law,  M.-F.,  Engel,  L.W.,  and 
Howley,  P.M.:   In  vitro  tumorigenic  transformation  by  a  defined  sub-genomic 
fragment  of  bovine  papilloma  virus  DNA.   Nature,  in  press. 


1034 


Z01  CB  00543-02  LP 

3.   Howley,  P.M.,  Law,  M.-F.,  Heilman,  C,  Engel,  L.W.,  Alonso,  M.C. , 
Lancaster,  W.D.,  Israel,  M.A.,  and  Lowy,  D.R.:   Molecular  characterization  of 
papillomavirus  genomes.   In  Essex,  M. ,  Todaro,  G.,  and  zur  Hausen,  H.  (Eds.): 
Viruses  in  Naturally  Occurring  Cancers.   Cold  Spring  Harbor,  New  York,  Cold 
Spring  Harbor  Laboratory.   In  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  type  and  amount  of  collagen  synthesized  by  tumor  cells  in  vitro 
appears  to  be  altered  from  that  of  cultured  normal  cell  counterparts  (Stern 
et  al.,  Cancer  Research,  Feb.,  1980).   We  wish  to  broaden  these  observations  to 
a  variety  of  human  sarcomas,  and  determine  whether  differentiation  in  vitro 
induced  by  differentiating  agents  will  cause  a  reversion  to  more  normal 
patterns  of  collagen  synthesis,  and  whether  these  patterns  might  allow  more 
precise  categorization  of  the  tumor's  origins.   In  addition,  the  analysis  will 
include  a  search  for  any  new  or  atypical  collagens  unique  to  these  tumors. 
Such  collagens,  if  identified,  might  be  valuable  in  tumor  diagnosis. 
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Project  Description 

Objectives:   We  wish  to  study  collagen  synthesis  by  normal  and  tumor  cells 
in  vitro,  in  cultures  established  by  us  from  patients  with  known  disease. 

Methods  Employed:   These  lines  will  be  carefully  evaluated  for  tumor  cell 
growth,  using  all  available  techniques  (chromosome  analysis,  density  dependent 
growth,  tumor  production  in  nude  mice,  etc.).   Collagen  synthesis  will  be 
evaluated  by  ion  exchange  chromatography,  slab  gel  electrophoresis,  and  auto- 
radiography of  radiolabelled  cells. 

Major  Findings:   1.   Tumor  cells  appear  to  produce  greater  amounts  of 
type  III  procollagen  than  type  I  procollagen.   2.   The  effect  of  differentiat- 
ing agents  such  as  DMSO  and  HMBA  on  the  ratio  of  type  I 11/ type  I  collagen 
synthesis  is  unclear,  contrary  to  previous  reports.   3.   Total  collagen  syn- 
thesis, and  the  conversion  of  procollagen  to  collagen,  must  be  quantitated  be- 
fore any  meaningful  comparison  can  be  made.   4.   Four  Ewing's  sarcoma  cell 
lines  have  been  investigated  and  have  shown  a  unique  collagen  synthetic  profile. 
These  cells  produce  types  I,  III,  and  IV  collagen,  as  demonstrated  by  immuno- 
fluorescence and  gel  electrophoresis  techniques.   This  pattern  has  not  been 
observed  in  any  other  tumors  or  tumor  cell  lines  studied  or  reported.   5.   Pre- 
liminary data  from  osteosarcoma,  chondrosarcoma,  fibrosarcoma,  and  carcinoma 
cultures  and,  in  some  cases,  tumors,  indicated  characteristic  collagen  type 
synthesis  -  types  I,  II,  III,  and  IV,  respectively. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   In 
vitro  correlates  of  malignancy  are  generally  imprecise  and  unreliable.   A  re- 
liable indicator  of  tumor  growth  as  opposed  to  fibroblast  overgrowth,  in 
culture,  is  needed  if  meaningful  study  and  comparison  of  tumor  versus  normal 
cells  in  culture  is  to  proceed.   Other  protein  candidates,  such  as  fibronectin 
(or  LETS),  are  not  reliable.   It  is  hoped  that  quantitative  and  qualitative 
analysis  of  collagen  synthesis  may  provide  a  reliable  index  of  tumor  vs.  nor- 
mal cell  biology. 

Proposed  Course:   Ancillary  techniques,  such  as  quantitation  of  total 
collagen  synthesis  and  quantitation  of  collagen  by  type  as  well  as  procollagen 
by  type,  utilizing  immunoprecipitation  techniques  and  eventually  employing  de- 
fined monoclonal  type  specific  antisera,  are  being  developed. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It   is    the    purpose    of    this    project    to   study   the    pathogenesis    and    re- 
activation  of   chronic    mouse    cytomegalovirus    infection  by   immunosuppress ion   and 
anti-lymphocytic    serum    (ALS).      Administration   of  ALS    shortly  after   acute    in- 


fection   leads    to   a   chronic    disseminated    disease   with  glomerulonephritis, 
Results    suggest    that    the    tissue    damage    associated   with  CMV   infection   is   caused 
by   host    immunological    reactions   and   not  by   the   cytopathic    effect   of   the   virus. 
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Project   Description 

Objectives :      Study   the    mechanisms    of   chronic    murine   cytomegalovirus    in- 
fection  in    the    salivary   glands    and    lymphoid    tissue    of   mice   chronically 
infected   with    this   virus    and   effect    of   anti-lymphocyte    serum   on    infection. 

Methods   Employed:      Tissue   culture,    immunofluorescence,    electron 
microscopy. 

Significance    to   Biomedical    Research   and    the   Program  of    the    Institute: 
The    mouse   cytomegalovirus    causes    chronic    infection   in    the    submaxillary 
glands,    lymph   nodes,    and    spleens    of  many   strains    of  mice.       Infection   in   the 
lymph  nodes    and    spleen   probably   occurs    in    lymphocytes.      The   murine   cyto- 
megalovirus   belongs    to   the   herpesvirus    group   of   animal   viruses,    along  with 
the   Epstein-Barr   virus    and   Herpesvirus    saimiri. 

Proposed    Course:      Part   of    this    study   is    completed.      Results    indicate 
that   chronic    CMV    infection   does    not  enhance    or   accelerate   natural   develop- 
ment   of    lymphoma    in  mice.      Present    studies    involve    observations    on   the 
course    of   acute    and    chronic    infection   following   the   administration   of  anti- 
lymphocytic    serum. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Herpes    simplex  virus    infected   cells    develop   a    receptor   capable    of  binding 
the   Fc    portion   of   IgG  at   the    same    time   viral   membrane   antigens    appear;    it   is 
not  known  whether    this   Fc   receptor   is   a  host  cell   or  viral   protein,    though 
the    latter   is    more    likely.      Studies   utilizing  hemocyanin- tagged   IgG    to    label 
the   Fc    receptor   and    ferritin-tagged   anti-HSV  antigens    on  virally   infected 
cells  will   determine   whether    the   Fc    receptor   co-labels   with  antibodies    to 
HSV   antigens. 
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Objectives:   To  demonstrate  whether  the  herpes-induced  Fc  receptor  is  a 
viral  protein  or  host  cell  protein  modified  by  viral  infection. 

Methods  Employed:   1.   High  resolution  transmission  (TEM)  and  scanning 
electron  microscopy  (SEM).   2.   Immunolabelling  with  markers  for  TEM  and  SEM. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
herpes-induced  Fc  receptor  is  of  unknown  function  in  vivo,  but  its  ability  to 
bind  IgG  suggests  immune  protective  function  for  latently-infected  cells  ex- 
pressing viral  antigens  on  their  surface.   If  this  is  so,  the  Fc  receptor  must 
occur  over  those  areas  of  viral  antigen  to  mask  them.   This  study  will  demon- 
strate the  spatial  relationship  of  the  two.   If  there  is  no  relationship,  the 
expression  of  an  Fc  receptor  would  be  of  doubtful  survival  value  to  the  virus. 
If  there  is  a  relationship,  convincing  evidence  for  a  novel  biological  survival 
mechanism  will  have  been  demonstrated. 

Major  Findings:   1.   HSV-infected  cells  will  bind  Hcy-labelled  IgG  and 
ferritin-labelled  anti-HSV  antibodies,  proving  the  approach  is  feasible. 
2.   Double  label  studies  examined  by  TEM  have  so  far  been  too  sparsely  labelled 
to  detect  significant  co-labelling.   3.   High  resolution  SEM,  which  can  dis- 
play nearly  the  entire  cell  surface,  is  just  now  in  operation. 

Proposed  Course:   High  resolution  SEM  will  be  employed  to  detect  hemo- 
cyanin  (Fc  receptor)  and  ferritin  (HSV  antigen)  labelling.   The  necessary 
device  for  high  resolution  SEM  specimen  coating  has  been  obtained  and  is 
currently  being  evaluated. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Review  histopathology  material  from  families  with  high  incidence  of 
cancer.   These  families  are  being  followed  by  the  Epidemiology  Branch. 
Material  is  reviewed  to  confirm  diagnosis  and  determine  unusual  aspects  of 
the  histology  of  the  cancer  in  view  of  the  family  history. 


1042 


PHS-6040 
(Rev.  10-76) 


Z01  CB  00594-04  LP 

Project  Description 

Objectives :   Review  and  confirm  the  histological  diagnoses  on  families 
that  have  a  high  incidence  of  cancer  and  which  are  being  followed  by  the 
Epidemiology  Branch. 

Methods  Employed:   Light  microscopy,  special  histochemistry  stains. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Confirm  diagnoses  of  cancer  and  apply  uniform  terminology  and  classification 
to  the  lesions  so  that  patterns  may  be  found. 

Proposed  Course:   Continue  to  review  surgical  pathology  or  autopsy 
material  submitted  from  referring  hospitals  and  report  results  to  the 
Epidemiology  Branch. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The    purpose    of   this    study   is    to   review  all    of   the   clinical   and 
pathologic   data    of   all    patients    treated   with  non-Hodgkin's    lymphoma   at    the 
NIH  since    the    opening   of   the   Clinical   Center    in   order    to:      1)    characterize    the 
population;    2)   understand    the   natural   course    of    the   disease,    e.g.    histologic 


progression;    3)   evaluate   current   histologic    classifications;    and   4)    correlate 
treatment   and    staging  data   wi^h   survival . 
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Project  Description 

Objectives:   A  clinical-pathological  study  of  patients  with  non- 
Hodgkin's  lymphomas  (NHL)  in  relationship  to  their  natural  course,  histologic 
progression,  current  classifications,  and  clinical  treatment. 

Methods  Employed:   The  histologic  slides  of  all  surgical  biopsies  and 
autopsies  of  non-Hodgkin's  lymphoma  patients  will  be  reviewed  with  regard  to 
all  current  classifications.   In  addition,  all  clinical  charts  will  be  re- 
viewed to  obtain  pertinent  clinical  information.   The  data  is  coded  and  eval- 
uated by  computer  analysis. 

Major  Findings:   The  survival  for  non-Hodgkin's  lymphomas  at  the  NCI  is 
similar  to  that  of  other  large  institutional  studies.   The  modern  modes  of 
staging  and  chemotherapy  have  had  only  significant  survival  improvements  in 
some  subtypes  of  non-Hodgkin's  lymphomas  but  not  all.   When  patients  change 
histologies  in  NHL,  it  carries  a  poor  prognostic  sign.   Currently  proposed 
classifications  offer  no  significant  improvement  over  the  previously  used 
Rappaport  classification. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  evaluation  has  shown  comparable  therapeutic  results  for  the  NCI  with 
other  institutions  for  patients  with  NHL.   It  helps  identify  groups  of 
patients  which  need  a  new  approach  to  therapy  or  more  intensive  therapy. 
This  study  will  also  help  us  understand  better  the  subtype  classifications 
in  order  to  give  therapy  more  uniformly  and  will  help  us  understand  the 
natural  history  of  the  disease. 

Publications 

1.  Osborne,  C.K. ,  Norton,  L. ,  Young,  R.C.,  Garvin,  A.J.,  Simon,  R.M. , 
Berard,  C.W.,  Hubbard,  S.,  and  DeVita,  V.T.:   Nodular  histiocytic  lymphoma: 
An  aggressive  nodular  lymphoma  with  potential  for  prolonged  disease-free 
survival.   Blood,  in  press. 

2.  Fisher,  R.I.,  Jones,  R.B.,  DeVita,  V.T.,  Simon,  R.M.,  Garvin,  A.J., 
Berard,  C.W.,  and  Young,  R.C.:   Natural  history  of  malignant  lymphomas  with 
divergent  histologies  at  staging  evaluation.   Cancer,  in  press. 

3.  Garvin,  A.J.,  Simon,  R.M. ,  Young,  R.C.,  DeVita,  V.T.,  and 
Berard,  C.W.:   The  Rappaport  classification  of  non-Hodgkin's  lymphomas:   A 
closer  look  using  other  proposed  classifications.   Semin.  Oncol.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Provides   complete   diagnostic    service    in  exfoliative    cytology,    medical 
cytogenetics,    and    fine   needle    aspiration  cytology.      In  addition,    collaborates 
in  various   clinical    research   projects   utilizing   special    techniques    including 
special   staining   and    tissue   culture    techniques. 
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Project  Description 

Objectives:   1.   To  provide  the  staff  of  the  Clinical  Center  with  an 
accurate  and  complete  exfoliative  and  aspiration  cytology  service  as  well  as 
diagnostic  cytogenetics  (karyotyping). 

2.  To  collaborate  in  various  clinical  research  projects  evaluating 
cancer  therapy,  the  hormonal  status  of  the  cancer  patients,  the  course  and 
natural  history  of  the  cancer  lesions  and  the  anatomical  and  physiological 
changes  in  the  human  body  associated  with  various  pathologic  conditions. 

3.  Development  of  better  diagnostic  techniques. 
The  specific  objectives  include: 

A)  Cytology 

1.  Continued  improvement  in  cytologic  techniques  in  establishing 
definitive  diagnosis. 

2.  Improvement  in  fine  needle  aspiration  cytologic  technique. 

3.  Establishing  cytologic  characteristics  of  cell  types  seen  only  in 
fine  needle  aspirations. 

4.  Setting  up  special  stain  techniques  which  may  be  used  for  general 
cytology  or  special  research  problems. 

5.  Maturation  index  in  precocious  babies. 

B)  Diagnostic  Cytogenetics 

1.  Improvement  in  short  term  culture  system  to  assure  of  successful 
harvesting  of  in  vitro  cells. 

2.  Improvement  in  staining  techniques. 

3.  Establishing  cytologic  characteristics  of  cell  types  seen  only  in 
fine  needle  aspirations. 

4.  Improvement  in  special  chromosomal  analytical  techniques  such  as 
bandings  by  various  methods. 

Methods  Employed:   1.   Special  procedures  in  addition  to  the  standard 
Papanicolaou  stain  are: 

A)  Millipore  filtration  of  all  fluids 

B)  Special  stains: 

1.  Feulgan  Reaction  for  sex  chromatin  bodies. 

2.  Acid  fast,  Pneumocystis,  Methenamine  silver,  Brown  Brenn  for 
various  organisms  and  fungi. 

3.  PAS,  Wright  Giemsa,  iron  stain,  melanin  stain,  congo-red,  oil- 
red-0,  mucicarmine  for  various  specific  reactions. 

2.   Short-term  cultures  of  peripheral  blood,  bone  marrow  cells  and  tumor 
cells  found  in  body  fluids  are  the  standard  diagnostic  methods. 
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In  addition,  special  techniques  involving  trypsin  digestion  followed  by 
special  stains  such  as  G-banding,  Q-banding,  and  C-banding,  as  well  as 
fluorescence  staining  whenever  indicated. 

Biopsy  materials  of  skin,  gonads,  tumors  are  cultivated  by  tissue  culture 
technique  and  cells  harvested  for  chromosomal  analysis. 

Patient  Material:   The  figures  compiled  below  are  for  the  last  12  months. 


Type  of  Material  Examined: 

Vaginal  and  Cervical 

Other  (fluids,  special 

procedures,  special 
stains  and  chromosomal 
analysis) 

Total 

Sources  of  Material  Received 

Institutes 

NCI,  NHLI,  NIAID,  NIAMDD,  NIMH, 

NICHHD,  NEI,  NINCDS,  EHS,  NIDR 

and  Referral  Total 


March  1979 
Accessions 
1043 


2569 
3612 


Accessions 


February  1980 
Smears 
1539 


6026 
7565 


3612 


Smears 


7565 


1. 
2. 

3. 

4. 
5. 


1. 


2. 


Major  Findings:   Major  contributions  of  the  Cytopathology  Section: 

Providing  prompt  services  and  early  diagnosis  in  cytological  materials. 

Providing  cytologic  evaluation  and  estimated  ranges  of  either  relapse  or 

remission  in  the  continual  management  of  meningeal  leukemia. 

Providing  cytological  evaluation  of  therapeutic  effects  on  cells  seen  in 

urinary  specimens,  vaginal-cervical  smears,  sputum  and  effusions. 

Providing  chromosomal  analysis  for  clinical  studies  as  well  as  in  the 

establishment  of  definitive  malignancies. 

Providing  cytologic  methods  to  research  projects  specifically,  fine 

needle  aspiration  in  thyroid  nodules. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  diagnostic  value  of  exfoliative  cytology  in  the  clinical  management 
of  various  disease  states  is  an  established  fact. 

Aspiration  cytologic  techniques  are  useful  in  establishing  diagnosis  on 
metastatic  diseases  and/or  recurrent  malignancies.   In  such  instances, 
the  fine  needle  aspiration  technique  eliminates  the  more  involved  in- 
cisional biopsy  and  therefore  is  more  economical  to  the  clinicians  as 
well  as  to  the  patients. 
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3.   Chromosomal  analysis  is  a  way  of  establishing  definitive  diagnoses  in 
selected  patients  with  endocrine  disorders,  congenital  defects  and  also 
in  some  malignancies. 

Proposed  Course:   1.   Continue  to  provide  a  complete  cytodiagnostic 
service  for  the  entire  staff  of  the  Clinical  Center  in  various  research  pro- 
jects. 

2.   Continual  improvement  and  development  of  established  as  well  as  new 
techniques  in  cytologic  and  cytogenetic  fields. 

Activities:   1.   Presented  a  series  of  lectures  on  Fine  Needle  Aspiration 
Cytology,  China,  September  21-0ctober  4,  1979. 

2.  Lectures  and  Workshop  on  Fine  Needle  Aspiration  of  Thyroid  Lesions. 
Tutorial  on  Clinical  Cytology,  Chicago,  Illinois,  August  16-23,  1980. 

3.  Lectures  on  Chemotherapeutic  Effects,  Cairo,  Egypt,  October,  1980. 


Publications 

1.  Mills,  S.R.,  Doppman,  J.L.,  Head,  G.L. ,  Javadpour,  N. ,  Brennan,  M.F., 
and  Chu,  E.W.:   Transcatheter  brush  biopsy  of  intravenous  tumor  thrombi. 
Radiology  127:   667-670,  1978. 

2.  Chu,  E.W.,  Hanson,  T.A.,  Goldman,  J.M.,  and  Robbins,  J.:   Study  of 
cells  in  fine  needle  aspiration  of  thyroid  gland.   Acta  Cytol.  23:   309-314, 
1979. 

3.  Yron,  I.,  Wood,  T.A.,  Spiess,  P.J.,  and  Rosenberg,  S.:   In  vitro 
growth  of  murine  T-cells.   Immunology,  in  press. 

4.  Aboul-Enein,  M.I.,  El-Bolkainy ,  M.N.,  Chu,  E.W.,  Ahmed,  T.H.E., 
Ibraheim,  A.S.,  and  Tawfik,  H.N.:   Evaluation  of  some  field  methods  for  the 
diagnosis  of  Schistosoma  hematobium.   Med.  J.  Cairo  University,  in 

press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  Surgical  Pathology  and  Postmortem  Section,  together  with  the 
Cytopathology  Section,  Ultrastructural  Pathology  Section  and  Hematopathology 
Section  provide  complete  service  in  anatomic  pathology  for  the  Clinical 
Center  patients  and  collaborate  with  the  research  staff  of  all  Institutes  in 
those  investigations  which  involve  the  use  and  study  of  human  pathological 
material. 

The  staff  is  engaged  in  several  projects  involving  clinicopathological 
correlation  and  pathologic  characterization  of  disease  studied  at  the  Clinical 
Center.   Immunocytochemical  techniques  have  been  applied  to  the  characteri- 
zation and  study  of  tumors  and  other  non-neoplastic  diseases. 
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Project  Description 
Staff: 

+Dr.  David  C.  Jensen 

+Dr.  Josef  Luetzeler 

+Dr.  Sue  Ellen  Martin 

+Dr.  Timothy  J.  O'Leary 

+Dr.  Steve  S.  Sommer 

+Dr.  Lubomir  P.  Turek 

Dr.  Kusum  A.R.  Kalavar 

Dr.  Costan  W.  Berard,  Chief,  Hematopathology  Section 

Dr.  Clyde  J.  Dawe,  Chief,  Comparative  Oncology  Section 

Dr.  Peter  M.  Howley,  Chief,  Viral  Oncology  &  Molecular  Pathology  Section 

Dr.  Timothy  J.  Triche,  Chief,  Ultrastructural  Pathology  Section 

Dr.  A.  Julian  Garvin 

Dr.  Elaine  S.  Jaffe 

Dr.  Unnur  P.  Thorgeirsson 

*Dr.  Allen  W.  Cheever,  Laboratory  of  Parasitic  Diseases,  NIAID 

*Dr.  Lance  A.  Liotta,  Laboratory  of  Pathophysiology,  NCI 

*Dr.  Paul  E.  McKeever,  Laboratory  of  Microbial  Immunity,  NIAID 

*Dr.  William  C.  Roberts,  Pathology  Branch,  NHLBI 

*Dr.  Kurt  J.  Stromberg,  Division  of  Cancer  Cause  and  Prevention,  NCI 

*Dr.  Marius  Valsamis,  Associate  Professor  of  Pathology,  New  York 
Medical  College,  Center  for  Aging  and  Chronic  Diseases 

The  objectives  of  the  Surgical  Pathology  and  Postmortem  Section  are: 
(1)  to  provide  diagnostic  services  in  pathologic  anatomy;  (2)  to  carry  out  in- 
dependent research;  (3)  to  conduct  a  residency  training  program  in  pathologic 
anatomy;  and  (4)  to  collaborate  with  National  Institutes  of  Health  investiga- 
tors in  research  involving  use  and  study  of  human  material. 

1.   The  service  functions  of  the  section  during  the  past  year  included: 

(a)   171  (153  "in  house",  18  submitted)  autopsy  examinations.   The  resi- 
dents perform  nearly  all  of  the  postmortem  dissections  under  supervision  of  the 
staff.   A  gross  review  is  held  by  the  staff  and  residents  each  morning  at  8:30. 
The  residents  review  the  microscopic  slides  of  each  autopsy  with  one  of  the 
staff  before  completing  the  autopsy  protocol. 

The  staff  assists  the  residents  in  preparing  for  the  numerous  clinical 
conferences  in  which  the  section  participates. 


+These  physicians  are  full  time  Residents  in  the  Laboratory  of  Pathology 
*These  Associate  Pathologists  spend  part  time  in  the  activities  of  the 
Surgical  Pathology  and  Postmortem  Section 
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(b)  6,593  specimens  were  accessioned  in  the  Surgical  Pathology  and  Post- 
mortem Section.   These  specimens  are  initially  examined  and  described  by  a 
resident  and  their  reports  are  checked  by  the  staff.   Associate  pathologists 
from  other  laboratories  or  sections  are  frequently  consulted  about  problems  in 
diagnosis  in  surgical  pathology  and/or  assume  responsibility  for  handling 
certain  tissue  removed  for  specific  research  projects. 

(c)  Histological  preparation  and  special  procedures:   These  functions 
are  carried  out  under  the  direction  of  Miss  M.C.  Bowling  and  a  complete  listing 
of  specimens  processed  is  given  in  the  accompanying  table. 

(d)  Photographic  services  of  the  department:   A  photographic  record  is 
made  of  the  large  amount  of  the  pathological  material  which  is  handled  and 
studied  in  the  department.   The  photography  is  done  by  the  staff  and  residents 
with  the  techncal  assistance  of  Mr.  L.  Kenzie  Edwards  who  also  maintains  the 
equipment  and  carries  out  much  of  the  photographic  processing.   Gross  photo- 
graphs and  photomicrographs  of  the  pathologic  material  are  provided  to  the 
clinical  staff  on  request,  and  are  used  extensively  for  conferences,  seminars 
and  many  are  prepared  for  publication.   Listed  below  is  a  breakdown  of  the  work 
performed  by  Mr.  Edwards  from  April  1979  through  March  1980. 

Time  taking  photographs:         333  hrs.  15  min. 
Time  processing:  148  hrs. 

No.  of  black  and  white  negatives:   4x5  in.:  1,588 

Color  transparencies  -  4x5  in.  -  gross:         783 
35  mm.  transparencies  -  gross:  6,624 

Total     7,407 

Prints  black  and  white,  contract  out,  4x5  in.:       6,124 

A  large  proportion  of  the  photomicrography  is  done  under  the  direction  of 
Mr.  Ralph  Isenburg,  who  provides  professional  assistance  and  facilities  for 
the  entire  staff  of  the  Laboratory  of  Pathology. 

2.   Independent  research.   The  staff  is  engaged  in  the  following  projects: 

a)  Evaluation  of  the  role  of  pathological  classification  and  grading  in 
the  treatment  of  soft  tissue  sarcomas  (Costa). 

b)  Pathological  characterization  of  angiocentric  lymphoprolif erative 
disease  involving  the  lung  (Tsokos,  Jaffe,  Costa). 

c)  Characterization  of  the  pathological  picture  in  patients  presenting 
with  midline  granuloma  syndrome  (Tsokos,  Costa). 

d)  Characterization  and  study  of  ovarian  neoplasms  in  patients  with 
family  history  of  ovarian  disease  (Kalavar,  Costa). 
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e)  Study  of  Ewing's  sarcoma  occurring  in  the  distal  skeleton  (Martin, 
Kissane) . 

f)  Clinical  pathological  characterization  of  small  cell  osteosarcoma 
(Martin,  Kissane,  Costa). 

g)  Histopathological  characterization  of  osteosarcoma  (Tsokos,  Costa) 
with  particular  attention  of  grading  of  intramedullary  osteosarcoma  with 
assistance  of  computerized  image  analysis  (Lipkin,  Tsokos,  Costa). 

h)   Study  of  pancreatic  cell  hyperplasia  using  computerized  image  analysis 
techniques  (Lipkin,  O'Leary,  Costa). 

i)   Transplantation  in  nude  mice  of  human  tumors  (Tsokos,  Costa). 

j)   Participation  in  an  international  panel  for  the  classification  of 
nasopharyngeal  carcinoma  (Costa). 

3.  Collaborative  research. 

a)  Pathological  study  of  the  kidney  in  diabetic  mice  (Tsokos,  Rabson) . 

b)  Histochemical  study  of  the  distribution  of  creatine  phosphokinase 
isozymes  in  human  tissues  including  tumors  (Zweig,  Tsokos,  Bowling,  Costa). 

c)  The  demonstration  of  viral  antigens  in  tissue  specimens  (Bowling, 
Howard,  Howley,  Costa). 

d)  Studies  of  an  alpha-f eto-protein-producing  yolk  sac  tumor  (Mclntyre, 
Wu,  Costa). 

e)  Pathological  study  of  carcinoma  of  the  esophagus  (Glatstein,  Brodkey) . 

f)  Pathological  characterization  of  excisional  biopsies  in  breast 
carcinoma  (Lichter,  DeMoss,  Brodkey). 

4.  Conferences.   The  staff  takes  part  in  the  following  inter-departmental 
meetings : 

Pediatric  Oncology  Tumor  Board  (weekly) 

Sarcoma  Staging  Conference  (weekly) 

Surgical  Morbidity  and  Mortality  Conference  (monthly) 

Medicine-Radiation  Conference  (weekly) 

Surgical  Pathology  Conference  (weekly) 

Lymphoma  Staging  Conference  (weekly) 

5.  Data  retrieval  system.   In  conjunction  with  DCRT  (Vincent,  Duhnam,  Pratt) 

a  program  has  been  set  up  for  storing  and  retrieving  the  surgical  pathology  and 
autopsy  material.   A  program  has  also  been  devised  to  automatically  encode  all 
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the  diagnoses.   The  language  used  is  a  modification  of  SNOP  and  a  dictionary  is 
being  generated  for  retrieval  purposes.   All  the  diagnosis  in  file  in  the 
Laboratory  of  Pathology  since  1953  are  now  being  re-formulated  in  order  to  make 
them  suitable  for  automatic  encoding.   This  is  being  done  under  the  direction 
of  Dr.  Donald  Henson. 

Proposed  Course;   (a)  Continue  to  provide  the  services  described, 
(b)  Increase  the  interaction  with  the  clinical  branches  in  the  design  and 
evaluation  of  protocols,   (c)  Improve  the  opportunities  for  the  resident  staff 
to  participate  in  teaching,  conferences,  and  seminars,  and  provide  elective 
periods  to  be  spent  accomplishing  research  projects  with  the  senior  staff, 
(d)  Implement  data  retrieval  programs. 


SURGICAL  PATHOLOGY  AND  POSTMORTEM  SECTION 
April  1979  through  March  1980 

SURGICAL  PATHOLOGY 

Specimens  accessioned  6,593 

Blocks  of  tissue  cut  14,377 

Blocks  of  tissue  recut  979 

Slides  made  54,294 

Slides  stained  H&E  34,489 

Slides  stained  special  5,608 

Frozen  sections  590 

POSTMORTEM  PATHOLOGY 

Autopsies  performed  153 

Autopsies  submitted  18 

Blocks  of  tissue  cut  7,511 

Blocks  of  tissue  recut  812 

Slides  made  11,272 

Slides  stained  H&E  8,302 

Slides  stained  special  1,437 

COMBINED  TOTAL 

Total  blocks  cut  23,679 

Total  slides  made  65,566 

Total  H&E  42,791 

Total  special  stains  7,045 
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SUMMARY  STATEMENT 

ANNUAL  REPORT 

DERMATOLOGY  BRANCH 

DCBD,  NCI 

October  1,  1979  through  September  30,  1980 

The  Dermatology  Branch  conducts  both  clinical  and  basic  research 
studying  the  etiology,  diagnosis  and  treatment  of  inflammatory  and  malignant 
diseases  involving  the  skin  and  host's  response  to  these  diseases.   The  Branch 
also  serves  as  Dermatology  Consultant  to  all  other  services  of  the  Clinical 
Center  (approximately  1000  patients  are  seen  in  consultation  each  year) .   The 
senior  staff  of  the  Branch  includes  the  Branch  Chief,  7  Senior  Investigators, 
4  Experts,  2  I. P. A.,  5  Clinical  Associates,  3  Visiting  Fellows  and  3  Guest 
Workers.   The  Dermatology  Branch  has  made  significant  contributions  to  the 
objectives  of  the  National  Cancer  Plan.   The  main  research  achievements  of 
the  Dermatology  Branch  for  the  past  year  are  as  follows: 

Therapy  of  Skin  Cancer  and  Disorders  of  Keratinization: 

(1)  We  have  continued  our  studies  of  a  new  class  of  drugs  (synthetic  retinoids) 
in  the  treatment  of  skin  cancer  and  diseases  of  keratinization. 

(2)  Eighty-one  patients  with  treatment-resistant  disorders  of  keratinization 
were  treated  with  oral  13-cis  retinoic  acid,  a  synthetic  stereo-isomer  of 
retinoic  acid.   Excellent  responses  have  been  observed  in  patients  with  con- 
genital ichthyosif orm  erythroderma,  lamellar  ichthyosis,  Darier's  disease, 
pityriasis  rubra  pilaris,  and  cystic  acne.   75  patients  with  various  disorders 
were  treated  with  Ro-10-9359,  an  oral  synthetic  retinoid  and  good  or  excellent 
responses  were  seen  in  most  patients.   Most  remarkably  was  the  response  of 
psoriatic  patients  who  in  contrast,  do  not  respond  to  the  13-cis  Retinoic  acid. 
Topical  therapy  with  retinoid  creams  have  been  ineffective. 

(3)  Of  the  initial  14  patients  with  treatment-resistant  cystic  and  conglobate 
acne  treated  for  4  months  with  oral  13-cis  retinoic  acid,  13  patients  experien- 
ced complete  clearing  of  their  disease;  the  other  had  75%  improvement,  as 
determined  by  the  number  of  acne  nodules  and  cysts  present  before  and  after 
therapy.   Prolonged  remissions,  currently  lasting  an  average  of  34  months 
after  discontinuation  of  therapy,  have  been  observed  in  all  14  patients. 

34  more  patients  have  been  studied  in  a  double  blind  fashion  and  we  have  seen 
the  same  dramatic  results  of  therapy. 

(4)  The  profound  beneficial  effect  of  13-cis  retinoic  acid  in  the  treatment 

of  cutaneous  keratinizing  diseases  indicates  that  other  keratinizing  disorders 
of  man,  for  instance,  preneoplastic  squamous  metaplasia  of  tracheo-bronchial 
and  urinary  bladder  epithelia,  could  be  successfully  treated  with  the  synthet- 
ic retinoids.   These  patients,  who  have  successfully  responded  to  13-cis 
retinoic  acid,  may  also  provide  useful  information  in  the  evaluation  of  newer 
and  potentially  more  potent  and  less  toxic  synthetic  retinoids. 

Studies  of  DNA  Repair  in  Normal  Human  Cells  and  in  Cells  from  Xero- 
derma Pigmentosum  Patients 
(1)  UV-radiation  is  believed  to  be  the  major  cause  of  the  most  common  type  of 
human  cancer,  cancer  of  the  skin.   Patients  with  XP  are  particularly  suscepti- 
ble to  the  carcinogenic  action  of  UV-radiation  and  develop  multiple  malignan- 
cies on  sun-exposed  areas  of  skin.   Normal  human  cells  have  repair  processes 
which  rapidly  and  effectively  repair  DNA  damage,  while  most  XP  patients  have 
a  marked  impairment  in  the  rate  and/or  efficiency  of  such  repair.   This 
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process  is  involved  not  only  in  repair  of  UV-induced  DNA  damage  but  a] so  in 
repair  of  damage  by  certain  chemical  carcinogens.   Understanding  the  relation- 
ship between  DNA  repair  deficiency  and  skin  tumor  development  in  XP  patients 
would,  therefore,  elucidate  the  role  of  DNA  repair  in  preventing  in  normal 
humans  those  cancers  which  may  be  due  to  certain  chemical  and  physical  car- 
cinogens.  Extension  of  this  work  to  include  study  of  other  diseases  in  which 
DNA  repair  may  be  defective,  especially  those  associated  with  an  unusually 
high  incidence  of  cancer  such  as  ataxia  telangiectasia  will  of  course  further 
increase  our  understanding  of  the  relationships  between  DNA  repair  processes 
and  carcinogenesis.   XP  patients'  sun-exposed  skin  ages  much  more  rapidly 
than  normal  humans'  skin.   Some  XP  patients  develop  neurological  abnormalities 
which  are  due  to  the  early  death  of  neurons.   Our  studies  of  the  DNA  repair 
defects  are  providing  an  understanding  of  the  relationship  of  DNA  repair 
processes  and  these  aging  phenomena  in  XP . 

(2)  We  have  studied  post-UV  colony  forming  ability  (CFA)  in  irradiated  XP 
fibroblasts  from  each  of  the  six  genetic  forms  of  XP.   A  striking  correlation 
between  the  degree  of  reduction  in  post-UV  CFA  and  the  presence  and  severity 
of  XP-associated  neurological  abnormalities  has  been  found.   These  results 
constitute  the  first  strong  evidence  for  a  relationship  between  the  effective 
level  of  DNA  repair  and  the  severity  of  a  heredodegenerative  condition  of 
the  nervous  system.   These  results  are  relevant  to  the  theory  of  "intrinsic 
mutagenesis"  which  hypothesizes  that  error-proneness  in  key  DNA  repair  or 
replication  enzymes  is  responsible  for  carcinogenesis  and  for  a  variety  of 
degenerative  diseases  as  well  as  for  normal  aging  in  various  human  tissues. 

We  have  confirmed  recent  brief  reports  that  cells  from  patients  with  Cockayne's 
syndrome,  a  syndrome  consisting  of  cachectic  dwarfism,  neurological  abnormal- 
ities and  photosensitivity,  have  decreased  post-UV  CFA.   In  addition,  we 
have  found  that  Cockayne's  syndrome  patients  have  a  normal  pressure  hydroce- 
phalus which  is  probably  the  cause  of  some  of  their  neurological  abnormalities. 
Studies  in  our  lab  have  confirmed  reports  of  decreased  post-X-ray  CFA  in  cells 
from  patients  with  ataxia  telangiectasia,  a  disease  in  which  patients  have  an 
increased  rate  of  cancer,  plus  degenerative  findings  in  the  immune  and  nervous 
systems.   Such  studies  are  being  performed  in  parallel  with  post-UV  CFA  assays 
on  XP  cells,  Cockayne  cells,  and  cells  from  patients  with  other  photosensitive 
and  or  degenerative  disorders. 

(3)  Lymphocyte  lines  have  been  derived  from  many  patients  with  XP  and  from 
patients  with  other  inherited  DNA  repair  defects.   The  ability  of  UV-irradia- 
ted  lymphoblasts  to  exclude  trypan  blue  provides  a  very  rapid  and  sensitive 
assay  of  the  biological  effectiveness  of  DNA  repair.   With  this  assay  we 

are  characterizing  the  DNA  repair  defects  in  several  diseases.   We  are  also 
using  this  assay  to  study  in  vitro  the  sensitivity  of  patients'  cells  not 
only  to  UV-irradiation  but  to  the  DNA-damaging  effects  of  gamma  rays.   We 
have  confirmed  reports  of  the  sensitivity  of  ataxia  telangiectasia  cells  to 
gamma  radiation.   With  this  lymphocyte  viability  test  we  have  also  detected 
hypersensitivity  to  X  rays  in  the  neurodegenerative  disorder  Huntington's 
disease.   The  hypersensitivity  may  provide  the  basis  for  presymptomatic  and/or 
prenatal  diagnosis  of  this  disorder. 
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(4)   With  Dr.  Dominic  A.  Scudiero  (FCRC)  we  have  detected  hypersensitivity  (as 
determined  by  survival  of  fibroblasts)  to  N-methyl-N'-nitro-N-nitrosoguanidine 
(MNNG) ,  a  mutagenic  and  carcinogenic  DNA-damaging  chemical,  in  fibroblasts  from 
patients  with  the  following  disorders:   Huntington's  disease,  infantile  spinal 
muscular  atrophy,  spinocerebellar  ataxia,  familial  dysautonomia  and  tuberous 
sclerosis.   This  hypersensitivity  may  provide  the  basis  for  a  prenatal  diag- 
nostic test  for  these  diseases  in  tissues  from  fetuses  at  risk  for  these  dis- 
orders.  Elucidation  of  the  molecular  basis  for  the  hypersensitivity  may  shed 
light  on  why  most  of  these  disorders,  while  hypersensitive  to  the  lethal 
effects  of  MNNG,  are  not  characterized  by  an  abnormally  increased  incidence 
of  cancers.   Such  studies  may  also  determine  whether  the  hypersensitivity 
reflects  inherited  defects  in  DNA  repair  mechanisms. 
Virologic  Studies: 

(1)  C-type  retroviruses  have  been  implicated  in  tumors  of  a  wide  variety  of 
species,  including  man.   The  murine  viruses  of  this  group  represent  the  best 
studied  mammalian  retroviruses;  they  therefore  represent  excellent  models  for 
the  study  of  retroviral  induced  tumorigenesis.   The  availability  of  molecular ly 
cloned  viral  DNA  has  facilitated  the  detailed  structural  analysis  of  the  viral 
genome  and  its  cellular  integration  sites  by  providing  specific  genomic  and 
sub-genomic  probes  for  studying  the  structural  organization  of  virally  related 
DNA  and  RNA  sequences  in  normal  and  malignant  tissues.   A  related  problem  which 
can  be  addressed  with  these  reagents  is  the  potential  role  that  recombination 
plays  in  tumorigenesis. 

(2)  Using  molecularly  cloned  DNA  of  Harvey  murine  sarcoma  virus  (Ha-MuSV) ,  we 
have  begun  to  define  the  functional  organization  of  the  viral  genome  and  its 
cellular  origins.   The  transforming  (src)  region  has  been  localized  to  1.3  kbp 
of  rat-derived  sequences  in  the  5'  half  of  the  viral  half  of  the  viral  genome 
by  viral  RNA  studies  of  cells  transformed  by  cloned  viral  DNA,  by  assaying 
the  transforming  efficiency  of  a  series  of  cloned  insertion-deletion  mutant 
viral  DMAs,  and  by  the  inefectivity  of  defined  sub-genomic  viral  DNA  fragments. 
The  viral  p21  coding  region  has  also  been  localized  to  this  segment,  which 
indicates  that  this  is  the  src  protein  of  the  virus.   The  ability  of  the 
viral  terminal  repeat  sequence  (TRS)  to  enhance  the  efficiency  of  transfor- 
mation of  the  src  gene  has  been  demonstrated  directly.   The  viral  DNA  does 

not  integrate  via  the  TRS  under  these  conditions.   We  also  observed  a  500- 
fold  greater  transforming  efficiency  when  the  TRS  was  only  on  the  left  side 
of  the  src  region  compared  with  its  being  only  on  the  right  side  of  the  src 
region.   The  most  likely  explanation  for  these  results  is  that  the  TRS 
represents  a  promoter  of  RNA  transcription. 

(3)  In  studies  of  Friend-MuLV,  a  helper-independent  virus  which  induces 
erythroleukemia  in  mice  after  a  short  latent  period,  the  leukemogenic  re- 
gion of  the  virus  has  also  been  more  clearly  delineated  genetically.   A  cloned 
sub-genomic  viral  fragment  composed  of  sequences  from  the  3'  half  of  the 
viral  genome  was  shown  to  contain  the  leukemogenic  activity  of  Friend-MuLV 

by  generation  of  recombinant  between  non-leukemogenic  amphotropic-MuLV  and 
this  viral  fragment.   This  region  of  Friend-MuLV  includes  the  env  gene,  the 
so-called  common  region,  and  the  TRS.   The  relative  contribution  of  each 
of  these  regions  to  the  leukemogenic  activity  of  the  virus  is  now  under  study. 

(4)  Structural  studies  of  endogenous  murine  leukemia  viruses  have  eluci- 
dated several  features  of  these  viruses.   A  detailed  restriction  endonuc-^ 
lease  map  has  been  developed  for  molecularly  cloned  infectious  AKR-MuLV  DNA. 


1059 


Using  the  cloned  DNA  as  a  source  for  radioac tively-labeled  virus-specific 
probes,  the  Southern  blotting  technique  has  been  employed  to  derive  phy- 
sical maps  for  a  number  of  MuLVs .   The  knowledge  of  the  physical  maps  of 
the  viral  DNAs  has  been  used  to  study  the  structure  of  endogenous  viral 
DNA  sequences  in  normal  mouse  cells.   A  400  bp  DNA  segment  from  the  env 
region  of  the  cloned  ecotropic  viral  DNA  has  been  found  which  hybridizes 
selectively  with  ecotropic  viruses.   Using  these  sequences  and  other  de- 
fined viral  DNAs  as  specific  viral  probes  and  restriction  endonuclease 
digestion  of  cell  DNA,  we  have  deduced  that  endogenous  ectropic  MuLV  DNAs 
contain  a  virtually  complete  linear  viral  genome.   In  at  least  some  mice, 
the  left-hand  TRS  may,  however,  be  different  from  that  found  in  transcrip- 
tionally active  viral  genomes.   The  biological  consequences  of  these  differ- 
ences are  under  study. 

(5)   Papilloma  viruses  are  a  common  cause  of  epidermal  turners  in  man.   Some 
lesions  induced  by  these  viruses  may  undergo  malignant  conversion.   Vir- 
tually nothing  is  known  about  the  functional  organization  of  the  genomes 
of  these  viruses  nor  how  lesions  progress  from  a  benign  to  a  malignant 
state.   The  definition  of  a  transforming  region  for  BPV  DNA  represents  a 
first  step  towards  understanding  how  these  tumors  are  formed  and  change. 
An  in  vitro  tumorigenic  transformation  assay  has  been  developed  for  bovine 
papilloma  viruses  (BPV)  types  1  and  2.   This  assay  utilizes  either  of  two 
mouse  cell  lines  -  NIH  3T3  or  C127  -  as  the  indicator  cell.   Both  of  these 
lines  are  also  susceptible  to  transformation  by  BPV  DNA.   A  69%  molecular- 
ly  cloned  sub-genomic  fragment  of  BPV  DNA  has  been  found  which  is  capable 
of  transforming  both  cell  lines.   These  results  indicate  that  only  part 
of  the  BPV  genome  is  required  for  the  induction  and  maintenance  of  trans- 
formation.  Further  study  of  the  transforming  region  of  the  viral  DNA  in 
the  transformed  cells  is  in  progress. 

Immunopatho logic  Mechanisms  Involved  in  Inflammatory  Skin  Diseases^ : 

(1)  Mammalian  epidermis  is  composed  of  three  cell  types;  the  keratinocyte, 
whose  function  is  in  producing  keratin,  the  melanocyte  which  produces  pigment, 
and  the  Langerhans  cell  (LC)  the  function  of  which  is  unknown.   We  have 
demonstrated  that  human,  guinea  pig,  and  mouse  epidermis  contains  a  small 
(2-6%)  subpopulation  of  LC.   The  cells  have  Fc  and  C3  receptors  and  thereby 
resemble  cells  of  the  histiocyte-monocyte-macrophage  series.   We  have  demon- 
trated  that  these  cells  bear  immune  response  gene  associated  (la)  surface 
antigens  and  can  stimulate  a  mixed  leukocyte  reaction  and  can  present 
antigen  to  sensitized  T  cells,  thereby  reinforcing  the  analogy  to  monocytes 
and  macrophages.   In  addition,  these  cells,  as  opposed  to  others  which  are 
thought  to  be  immunologically  relevant,  are  able  to  initiate  an  immune 
response  when  haptenated  and  injected  intraperitoneally .   The  mechanism(s) 
through  which  this  occurs  and  the  effect  of  ultraviolet  light  on  the  func- 
tion of  LC  are  under  active  study. 

(2)  The  ontogeny  of  epidermal  Langerhans  cells  has  be>.n  a  subject  of  con- 
siderable debate  for  over  100  years.   Using  parent  to  F^  hybrid  skin  trans- 
plantation and  bone  marrow  chimeras  we  have  demonstrated  that,  in  mice, 
epidermal  Langerhans  cells  are  derived  from  a  mobile  pool  of  precursor 
cells  which  originate,  at  least  in  part,  in  the  bone  marrow.   Kinetic  studies 
have  indicated  that  the  turnover  time  of  these  cells  is  in  the  order  of  months. 
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(3)   Pemphigus,  herpes  gestationis,  bullous  pemphigoid  and  dermatitis  her- 
petiformis are  blistering  skin  diseases  all  of  which  are  associated  with 
so-called  autoimmune  phenomena.   We  have  identified  and  characterized 
serum  and  in  vivo  bound  antibodies  in  these  diseases.   Our  efforts  have 
centered  around  the  mechanisms  of  tissue  destruction,  ultrastructure,  and 
ultrastructural  localization  of  antibodies.   Gastrointestinal  abnormalities, 
similar  to  those  seen  in  gluten  sensitive  enteropathy,  occur  in  dermatitis 
herpetiformis  and  are  under  active  study.   We  have  demonstrated  that  gluten 
withdrawal  from  the  diet  reverses  the  skin  disease  in  many  patients.   Immu- 
nogenetic  considerations  with  regard  to  HLA  associations  and  the  identifi- 
cation of  specific  B-lymphocyte  antigens  have  provided  tools  to  study  the 
triggering  mechanisms  involved  in  the  early  stages  of  an  abnormal  immune 
response.   We  have  recently  identified  a  subgroup  of  DH  patients  whose 
disease  is  pathophysiological^  different  than  the  bulk  of  patients  by 
virtue  of  genetic  markers,  gut  lesions  and  IgA  skin  deposits. 
(4)   Several  chemically  and  genetically  distinct  collagens  are  found  in 
mammalian  species.   Types  I  and  III  collagens  are  widely  distributed,  type 
II  collagen  is  found  only  in  cartilagenous  structures,  and  type  IV  is  found 
in  basement  membranes.   Our  studies,  utilizing  light  and  ultrastructural 
immunocytochemical  techniques  have  demonstrated  that  the  sera  of  patients 
with  relapsing  polychondritis,  a  disease  characterized  by  widespread  de- 
struction of  cartilagenous  tissues,  contain  antibodies  with  specificity  for 
type  II  collagen.   Additionally  we  have  demonstrated  that  both  Type  IV  collagen 
and  the  non-collagenous  basement  membrane  glycoprotein  are  localized  exclusive- 
ly to  basement  membrane  of  epithelial  and  endothelial  structures.   They  are 
widely  distributed  and  can  be  identified  in  epithelial  cell  culture. 
Studies  on  Mechanisms  of  Cellular  Immunity  in  Man; 

(1)  Our  combined  in  vitro  and  in  vivo  controlled  methods  for  the  study  of 
cell-mediated  immunity  in  man,  have  allowed  us  to  initiate  basic  immunophar- 
macology  and  immunogenetics  approaches  for  the  study  of  a  variety  of  dis- 
eases and  has  already  resulted  in  several  practical  diagnostic  procedures. 

(2)  A  method  has  been  developed  (clonal  priming)  for  defining  specificity 
and  cross  reactivity  at  the  T  cell  level.   The  clonal  priming  reaction 
offers  a  practical,  ethical,  in  vitro,  quantitative  approach  for  systematic 
study  of  relationships  recognized  as  foreign  by  immune  cells.   Concepts 

of  tolerance  and  immunohomeostasis  have  been  well  developed.   However, 
progress  has  been  hampered  by  lack  of  an  experimental  approach  to  directly 
compare  tissue,  differentiation,  tumour,  microbial  (including  viral)  and 
other  environmental  antigens  at  the  level  of  cellular  immunity.   With 
clonal  priming.   It  may  now  be  possible  to  pinpoint  agents  implicated  in  a 
variety  of  inflammatory  and  neoplastic  diseases  in  which  cellular  immune 
discreimination  plays  a  role. 

(3)  We  have  found  two  major  deficiences  in  the  thymus  deficiency  disorder 
ataxia  telangiectasia.   Patients  with  this  disease  lack  a  specific  subset 
of  T  cells  and  are  deficient  in  certain  lymphokines. 
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Detection  and  Analysis  of  Circulating  Immune  Complexes: 

Increasing  evidence  indicates  that  circulating  antigen-antibody  complexes 
play  a  role  in  the  pathogenesis  of  a  variety  of  dermatologic ,  rheumatologic, 
neoplastic  and  infectious  disease  states.   We  have  identified  and  partially 
characterized  the  immune  complexes  which  exist  in  several  diseases  i.e.  sys- 
temic lupus  erythematosus,  Sjogren's  syndrome,  mixed  cryoglobulinemia,  mixed 
connective  tissue  disease,  acute  and  chronic  schistosomiasis,  and  various 
types  of  cutaneous  and  systemic  vasculitis  utilizing  two  highly  sensitive 
radioimmunoassays  for  detecting  immune  complexes  i.e.     I-Clq  binding  assay 
and  the  Raji  cell  radioimmunoassay.   We  have  determined  the  antibody  classes 
present  in  the  immune  complexes  and  examined  the  physiochemical  characteris- 
tics of  these  complexes,  as  well  as  the  reaction  of  these  complexes  with 
mediators  of  inflammation  such  as  the  complement  system.   We  have  found  a 
good  correlation  between  absolute  levels  of  circulating  immune  complexes  and 
the  extent  and  severity  of  clinical  disease.   We  have  found  that  in  sequen- 
tial studies  of  patients  with  clinically  apparent  hepatitis  B  infections 
that  all  patients  develop  circulating  immune  complexes.   The  levels  and  time 
course  of  appearance  of  immune  complexes  correlate  with  the  time  of  peak 
disease  activity  and  peak  levels  of  hepatitis  B  surface  antigen  in  the  serum. 
In  addition  we  are  interested  in  the  mechanism  by  which  circulating  immune 
complexes  are  cleared  from  the  circulation  by  the  reticuloendothelial  system 
and  in  collaboration  with  the  laboratory  of  Dr.  Michael  Frank  have  completed 
studies  demonstrating  defective  function  of  Fc  IgG  mediated  clearance  by  the 
reticuloendothelial  system  which  is  associated  with  the  presence  of  circu- 
lating immune  complexes. 

Biochemical  Characterization  of  Mammalian  Melanosomes; 

(1)  The  abnormal  proteins  produced  in  malignant  melanoma  are  being  studied: 
these  studies  are  aimed  at  elucidating  the  mechanism  of  formation  of  these 
atypical  proteins,  as  well  as  their  importance  to  the  immunology  of  melanoma 
and  possible  immunotherapy  potential. 

(2)  The  melanosome  in  normal  mouse  tissue  is  composed  of  multiple  proteins, 
many  of  which  are  loosely  bound  and  easily  extracted.   These  probably  consti- 
tute the  proteins  of  the  limiting  membrane  of  the  organelle.   Another  protein 
is  of  lower  molecular  weight  and  is  tightly  bound  to  the  granule,  and  prob- 
ably constitutes  the  structural,  fibrillar  protein;  it  appears  to  be  the 
protein  which  complexes  with  the  melanin  polymer.   Melanosomal  proteins  from 
melanoma  tissues  vary  in  structure  from  those  of  normal  tissue.   Several  of 
the  proteins  seem  to  be  missing  completely  from  these  granules,  which  are 
also  structurally  distinguishable  from  normal  granules  by  electron  micros- 
copy.  Perhaps  more  importantly,  many  of  the  proteins  in  malanoma  melanoso- 
mes are  unique  and  are  not  found  in  normal  melanin  granules.   This  has  been 
found  to  be  the  case  in  human  melanoma  as  well.   In  the  murine  system,  a 
comparison  of  analogous  proteins  from  normal  and  melanoma  melanin  granules, 
resolved  a  slight,  but  significant,  difference  of  isoelectric  points  (4.8 
and  4.5,  respectively).   There  also  is  a  difference  of  10,000  MW  between 

the  two  proteins;  both  have  amino  acid  contents  which  are  identical  with 
respect  to  13  amino  acids,  but  differ  significantly  with  regards  to  four 
amino  acids  (asp,  glu,  val,  arg) .   The  carboxy  and  amino  terminals  however 
are  identical.   Peptide  mapping  has  revealed  that  amino  acid  sequences  are 
deleted  in  3  or  more  regions  of  the  abnormal  protein.   Other  proteins  in 
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these  tissues  seem  to  differ  in  a  similar  manner.   It  has  been  found  that 
tumor  specific  proteins,  similar  to  these  can  be  found  in  serological 
fluids  of  melanoma  patients. 

(3)  The  observations  concerning  the  aberrant  biochemical  characteristics  of 
the  melanoma  melanosome  indicate  that  the  control  of  melanogenesis  in  malig- 
nant melanoma  is  in  some  manner  affected  by  carcinogenesis.   These  results 
indicate  that  although  melanogenesis  takes  place,  its  metabolic  pattern  is 
abnormal.   There  are  a  wide  range  of  implications  of  this  research  for 
possible  immunotherapy  and/or  immunoassay  of  human  malignant  melanosomes. 

(4)  Since  only  one  enzyme  (tyrosinase)  is  essential  for  melanin  biosyn- 
thesis, it  is  a  unique  system  for  the  study  of  enzymatic  control  mechanisms 
in  normal  and  malignant  tissues.   We  have  examined  the  status  of  enzymatic 
control  of  melanogenesis  and  have  found  that  tyrosinase  is  the  enzyme  re- 
sponsible for  melanin  synthesis  in  both  murine  and  avian  pigmentary  systems, 
but  not  peroxidase,  as  has  been  suggested  by  some  workers.   It  has  always 
been  a  subject  of  dispute  how  tyrosinase,  which  can  be  easily  demonstrated 
to  be  present  in  an  active  configuration  in  the  endoplasmic  reticulum  and 
Golgi  apparatus,  is  inactivated  in_  vivo  in  mammalian  systems  and  subsequent- 
ly activated  once  in  situ  in  the  melanosome.   L-DPOA  is  the  natural  activator 
of  the  enzyme  in  vivo;  we  have  tested  over  twenty  L-DOPA  analogs  substituted 
in  various  positions,  and  determined  the  enzyme  is  extremely  specific  in  its 
requirement  for  L-DOPA  as  a  cof actor.   It  has  been  found  in  this  study  that 
tyrosinase  is  under  allosteric  control  and  that  phospholipids  may  play  a  part 
in  the  expression  of  the  enzyme's  activity.   It  has  also  been  found  that  this 
allosteric  regulation  in  murine  melanomas  is  altered;  this  perhaps  explains 
the  atypical  melanosome  formation  in  these  tissues. 

Applications  to  Scanning  Electron  Microscopy  (SEM)  to  Soft  Biological 

Tissues: 

SEM  reveals  fine  surface  structure  with  unparalleled  three-dimensionality 
depth  of  field,  and  sampling  capability.   We  have  been  specifically  concern- 
ed with  the  possible  influence  of  the  mitotic  cycle  on  the  surface  morphol- 
ogy of  cells  in  monolayer  culture;  since  neoplastic  transformation  generally 
accelerates  and  alters  the  cell  cycle,  any  topographic  comparisons  between 
noneoplastic  and  neoplastic  cell  populations  must  be  considered  in  the 
light  of  cycle-dependent  changes. 

(1)   MMC-E  cells  (from  a  nontransf ormed  epithelial  line)  respond  within 
seconds  to  the  addition  of  epidermal  growth  factor  (EGF)  with  the  appearance 
of  large  central  ruffles  on  most  cells  associated  with  endocytosis  and 
vacuole  formation.   This  activity  quickly  subsides  and  the  cells  resume 
their  unstimulated  morphology.   The  incidence  of  microvilli  seems  inversely 
related  to  the  incidence  of  ruffles  on  these  cells.   Long-term  (one  to 
eight  days)  exposure  to  lower  concentrations  of  EGF  (l-10ng/ml)  results  in 
spreading  of  the  normally  spindle-shaped  cells  that  border  the  MMC-E  colo- 
nies, and  removal  of  the  EGF  reverses  this  effect.   A431  cells  respond 
differently  during  short-term  exposure  to  EGF.   These  results  establish  the 
relative  sensitivity,  rapidity  and  extraordinary  specificity  that  may  charac- 
terize cell  surface  responses  to  the  presence  of  hormones  in  culture. 
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Unperturbed  HeLa  cells  in  culture  undergo  substantial  characteristic 
topographic  changes  during  mitosis,  but  display  little  if  any  change  in 
surface  morphology  during  interphase  in  association  with  thymidine  incor- 
poration ("S  phase") .   These  preliminary  findings  confirm  previous  results 
from  this  laboratory  using  Chinese  hamster  ovary  (CHO)  cells.   In  the 
present  series  we  have  successfully  used  atomic  number  contrast  in  the  BSE 
mode  in  the  SEM  to  visualize  and  score  the  autoradiographic  silver  grains 
that  indicate  tritiated  thymidine  incorporation.   By  scoring  topographic 
features  of  systematically  selected  cell  populations  in  samples  of  the 
synchronized  cells  and  comparing  them  statistically  with  unperturbed  cell 
populations,  we  have  evidence  that  the  simple  mitotic  shakeoff  procedure 
may  alter  cell  surface  form  over  periods  up  to  24  house  —  independent 
of  progression  through  the  cell  cycle. 

Chemistry,  Structure  and  Biosynthesis  of  Mammalian  Epidermal  Keratin 
Filaments: 

(1)  The  epidermis  offers  a  unique  opportunity  for  the  study  of  tumors  not 
only  because  of  the  quantitative  importance  of  this  tissue  but  also  because 
of  its  accessibility.   One  of  the  major  problems  is  studying  malignancies 
of  the  epidermis  has  been  the  lack  of  suitable  biochemical  markers.   The 
keratin  filaments  are  the  most  prominent  intracellular  components  of  all 
epidermal  cells  and  therefore  a  study  of  their  chemistry,  structure  and 
biosynthesis  in  both  normal  and  abnormal  epidermis  will  be  of  profound 
importance  in  studying  tumors  in  this  tissue.   The  production  of  the  kera- 
tin subunits  in  a  well  defined  cell  culture  system  will  facilitate  studies 
of  carcinogenesis  in  vitro.   In  addition,  the  finding  of  large  amounts  of 
actin  protein  in  epidermal  tumors,  and  the  development  of  suitable  immuno- 
assay procedures  for  it  is  of  potentially  great  significance. 

(2)  Comparisons  of  the  polyacrylamide-gel  electrophoretic  profiles  of  the 
keratin  subunits  obtained  from  abnormal  human  epidermis  such  as  Darier's 
disease  and  lamellar  ichthyosis  with  those  of  normal  epidermis  show  promi- 
nent differences  in  numbers  and  mobilities  of  bands.   Also,  the  abnormal 
polypeptides  show  limited  facility  for  polymerization  in  vitro.   There- 
fore, there  may  be  differences  in  the  chemical  structures  of  the  proteins. 
Attempts  are  underway  to  identify  such  differences  by  comparisons  of  two- 
dimensional  gel  electrophoretic  maps  of  the  CNBr  and  NBS  peptides  of  the 
proteins  obtained  from  normal  and  abnormal  epidermis.   In  other  studies  it 
has  been  demonstrated  that  filaments  assembled  in  vitro  from  psoriatic 
epidermis  are  also  abnormal,  and  interestingly,  form  'paracrystalline1  struc- 
tures consisting  of  several  filaments  associated  side-by-side  in  an  apparent- 
ly ordered  manner.   This  may  be  due  to  the  presence  of  an  additional  pro- 
tein that  perhaps  functions  like  the  basic  protein  (see  item  5  below) ,  or 
may  be  a  feature  characteristic  of  the  filament  proteins  of  psoriatic  epi- 
dermis.  Studies  are  underway  to  characterize  this  phenomenon  further. 

(3)  Normal  mouse  epidermal  cells  grown  in  monolayer  culture  can  be  made 
to  synthesize  the  normal  complement  of  keratin  polypeptides.   Since  the 
keratins  are  the  principal  synthetic  products  of  the  cells,  a  specific  radio- 
immune  assay  has  been  developed  to  follow  the  changes  occurring  in  keratin 
synthesis  during  carcinogenesis.   Preliminary  experiments  have  revealed 
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marked  alterations  in  the  synthesis  of  the  keratin  proteins  during  treatment 
with  carcinogens  such  as  TPA  and  other  growth  effectors  such  as  vitamin  A. 

(4)  In  collaboration  with  Dr.  R.D.  Goldman,  Carnegie-Mellon  University, 
Pittsburgh,  it  has  been  shown  that  the  lOnm  filaments  of  a  variety  of  epi- 
thelial and  mesenchymal  cell-types  grown  in  culture  are  morphologically 
very  similar  to  epidermal  keratin  filaments,  and  interestingly,  also 
possess  a  three-chain  unit  that  is  structurally  identical  to  that  of  kera- 
tin filaments. 

(5)  In  collaboration  with  Dr.  B.A.  Dale,  University  of  Washington,  Seattle, 
it  has  been  shown  that  a  histidine-rich  protein  isolated  from  rat  epider- 
mis specifically  aggregates  epidermal  keratin  filaments  from  several  spe- 
cies in  vitro  to  form  a  highly-ordered  fiber^  Electron  microscopy  of  such 
fibers  reveals  a  pattern  of  filaments  70-80  A  in  diameter  embedded  in  a 
dark-staining  background,  or  matrix.   This  structure  is  typical  of  the 
"keratin  pattern"  seen  in  the  fully-differentiated  stratum  corneum  of  the 
epidermis.   This  suggests  strongly  that  the  basic  protein  is  the  matrix 
protein  of  epidermis.   Our  work  constitutes  the  first  real  evidence  for 

and  demonstration  of  the  role  of  a  matrix  protein  in  the  epidermis.   The 
interaction  between  the  basic  protein  and  filaments  is  highly  specific 
since  other  fibrous  proteins  do  not  form  the  ordered  structures.   There- 
fore, there  are  structural  features  unique  to  keratin  filaments  which 
recognize  the  basic  protein.   Interestingly,  in  certain  diseases  of  the 
epidermis  involving  abnormal  keratinization,  such  as  psoriasis,  the  amount 
of  the  basic  protein  is  greatly  diminshed  from  normal.   There  may  be  a 
relationship  between  the  absence  of  the  basic  protein  and  presence  of 
abnormal  keratin  filaments  which  could  provide  important  information  on  the 
disease  itself.   Recently,  it  was  demonstrated  that  this  basic  protein  also 
aggregates  the  intermediate  filaments  from  all  sources  so  far  examined. 
Presumably  the  basic  protein  recognises  structural  features  common  to  kera- 
tin and  intermediate  filaments.   Studies  are  underway  to  determine  the 
physiological  significance  of  this  result;  for  example  it  is  not  yet  known 
whether  the  basic  protein  is  present  in  fibroblasts  etc. 
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Project  Description: 
Objectives: 

1)  To  investigate  the  mechanisms  governing  epidermal  cell  differentia- 
tion. 

2)  To  morphologically  investigate  the  mechanism  by  which  vitamin  A  and 
its  derivatives  alter  epidermal  cell  differentiation  in  normal  adult 
skin  and  in  benign  and  malignant  lesions. 

The  Objective  and  Approach  of  the  National  Cancer  Plan  that  this  project 
most  closely  supports  is  3.1:   Study  the  nature  and  modification  of  the 
precancerous  state  and  determine  mechanisms  accounting  for  high  degrees 
of  stability  of  cell  functioning. 

Material: 

1)  0.2-0.4  mm  thick,  Castroviejo  keratotome  slices  of  normal  and  diseased 
human  skin.   Skin  from  patients  with  Ichthyosis  and  Darier's  Disease 
(NCI-3643)  has  been  used  to  date. 

2)  3-4  mm  punch  biopsies  of  normal  and  diseased  human  skin  both  treated 
and  untreated  with  synthetic  retinoids  (NCI-3643) . 

Major  Findings: 

Freeze-f racture  replicas  and  thin  sections  of  cell  membranes  of:   1)  11 
basal  cell  cancers  (BCC)  treated  twice  daily  for  two  weeks  with  topical 
1.0%  all-trans  retinoic  acid  (RA) ;  2)  21  BCC  treated  for  2  to  17  weeks 
with  oral  13-cis  retinoic  acid  (CRA)  (1.0-8.0  mg/kg/day) ;  and  3)  17  BCC 
prior  to  retinoid  treatment  and/or  after  applications  of  vehicle  alone. 
Both  thin  sections  and  replicas  were  examined  and  photographed  in  a 
single-blind  fashion,  and  the  density  and  size  distribution  of  gap  junc- 
tions and  desmosomes  were  computed  planimetrically .   Neither  RA  nor  CRA 
treatment  appeared  to  influence  hemidesmosome  or  microfilament  popula- 
tions.  Structural  changes  in  both  treatment  groups  did  no  correlate  with 
either  tumor  regression  or  inflammation.   This  indicates  that  topical  and 
systemic  retinoids  may  exert  their  antineoplastic  activity  by  different 
cellular  mechanisms. 


Significance  to  Cancer  Research: 

1)   Since  carcinogenesis  is  an  instance  of  altered  differentiation, 
studies  of  vitamin  A  effects  on  differentiation,  may  serve  as  an  excellent 
model  for  investigations  of  cellular  control  mechanisms  which  relate  to 
carcinogenesis.   The  fact  that  carcinogenesis  is  influenced  very  markedly 
by  vitamin  A  deficiency  directly  links  research  on  vitamin  A  epithelial 
effects  to  cancer  reaearch. 
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2)   Furthermore  vitamin  A  is  of  value  in  the  treatment  of  malignancy. 
The  mechanisms  of  action  of  vitamin  A  in  affecting  differentiation  may 
be  related  to  its  antineoplastic  activity. 

Proposed  Course  of  Project: 

1)   Continued  ultrastructural  examination  of  normal  skin  and  benign  and 
malignant  lesions  of  skin  both  treated  and  untreated  with  synthetic 
retinoids . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords)   ,       ,  ,      ,     c    ™TA 

Studies  in  this  laboratory  are  designed  to  elucidate  the  role  of  DNA 
repair  processes  in  human  diseases  and  in  carcinogenesis,  mutagenesis,  and  norma 
and  abnormal  aging.   Most  studies  have  been  conducted  with  cells  from  patients  w 
xeroderma  pigmentosum  (XP) ,  all  of  whom  have  defective  DNA  repair  plus  the^ 
clinical  abnormalities  of  multiple  cutaneous  malignancies  and  premature  aging 
of  sun-exposed  skin.   Studies  are  currently  being  performed  on  cells  from 
patients  with  degenerative  neurological  diseases  such  as  Huntington  s  disease, 
ataxia  telangiectasia,  familial  dysautonomia,  olivopontocerebellar  atrophy,  and 
Cockayne's  syndrome.   These  studies  are  designed  to  elucidate  the  pathogenesis 
of  these  disorders  as  well  as  to  develop  presymptomatic  (including  prenatal) 
diagnostic  tests.   We  assess  the  biological  effectiveness  of  DNA  repair  primarily 
by  in  vitro  assays  of  post-irradiation  colony-forming  ability  and  trypan  blue 
exclusion.   We  are  extending  our  work  to  include  cells  from  patients  with  other 
degenerative  disorders  including  Shy-Drager  syndrome,  idiopathic  orthostatic 
hypotension,  retinitis  pigmentosa,  Usher's  syndrome ,  spinal  muscular  atrophy, 
and  muscular  dystrophy. 


th 
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Project  Description: 

Objectives: 

To  study  DNA  repair  processes  in  normal  cells,  cells  from  patients  with 
each  of  the  eight  genetic  forms  of  xeroderma  pigmentosum  (XP) ,  and  cells 
from  patients  with  other  diseases  in  which  defective  DNA  repair  is  claimed 
or  suspected,  including  degenerative  diseases  involving  the  somatic  and/ 
or  autonomic  nervous  systems;  to  determine  the  relationships  between  the 
function  of  such  DNA  repair  processes  and  1)  carcinogenesis,  mutagenesis, 
cytotoxicity  and  2)  the  clinical  findings  of  photosensitivity,  premature 
aging,  and  UV-carcinogenesis;  to  develop  presymptomatic,  including  pre- 
natal, diagnostic  tests  for  the  aforesaid  disorders. 

The  Objective  and  Approach  of  the  National  Cancer  Plan  that  this  project 
most  closely  supports  is  3.1:   To  study  the  nature  and  modification  of  the 
precancerous  state  and  determine  mechanisms  accounting  for  high  degrees  of 
stability  of  cell  functioning. 

Materials: 

Cells  are  obtained  from  established  cell  repositories,  from  hospitalized 
patients  and  outpatients  at  the  NIH,  the  University  of  Minnesota  Hospitals, 
Minneapolis,  Minn.  (Dr.  Jonathan  Wirtschaf ter) ,  and  the  Veterans  Admin- 
istration Hospital,  Fargo,  ND  (Dr.  Roger  Brumback) .   Cells  currently  under 
study  are  dermal  fibroblasts  and  lymphocyte  cell  lines. 

Methods  Employed : 

Fibroblast  and  lymphocyte  lines  are  cultured  in  the  absence  of  antibiotics 
in  laminar  flow  hoods. 

The  survival  of  fibroblasts  after  irradiation  with  UV  or  X  rays,  or  after 
treatment  with  chemicals,  is  performed  by  counting  the  number  of  colonies 
which  form.   The  survival  of  lymphocytes  is  determined  by  their  ability 
to  exclude  the  vital  dye  trypan  blue.   Unscheduled  DNA  synthesis  is  deter- 
mined by  determining  autoradiographically  the  UV-induced  incorporation  of 
tritiated  thymidine.   DNA  repair  synthesis  is  determined  by  differential 
elution  of  newly  synthe  sized  DNA  segments  from  benzoylated  naphthoylated 
DEAE  cellulose  (Dr.  Scudiero)  or  by  differential  centrifugation  after 
incorporation  of  bromodeoxyuridine  (Dr.  Doniger) .   Post-replication  repair 
is  also  detected  by  the  latter  method.   Host-cell  reactivation  is  deter- 
mined by  the  formation  of  plaques  in  fibroblast  monolayers  by  irradiated 
herpes  simplex  virus  (Dr.  Lytle) . 

Major  Findings: 

1.   We  have  determined  the  post-UV  colony-forming  ability  (CFA)  of  a  fibro- 
blast strain  from  the  XP  group  G  patient  XP2BI.   Its  post-UV  CFA  was  in 
the  range  of  that  of  fibroblasts  from  group  D  patients.   Since  the  group  G 
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patient,  like  the  group  D  patients,  had  neurological  abnormalities  first 
recognized  at  about  age  11,  the  group  G  strains  post-UV  CFA  is  consistent 
with  the  correlation  we  have  previously  shown  between  post-UV  CFA  and  the 
age  of  onset  of  XP  neurological  abnormalities. 

2.  We  have  studied  the  post-UV  survival  of  fibroblasts  and  lymphocyte 
lines  from  the  group  E  kindred  and  from  five  additional  normal  control 
donors.   Some  of  the  normal  cells  had  post-UV  survival  which  was  not 
significantly  different  from  that  of  the  group  E  cells.   These  group  E 
cells  are  the  only  XP  cells  known  to  have  post-UV  survival  in  the  normal 
range. 

3.  The  ability  of  UV-irradiated  lymphocyte  lines  to  exclude  the  vital 
dye  trypan  blue  provides  a  very  rapid  and  sensitive  assay  of  the  biologi- 
cal effectiveness  of  DNA  repair.   By  comparing  the  post-UV  survival  of  XP 
lymphocyte  lines  with  the  post-UV  CFA  of  the  patients'  fibroblast  strains, 
we  have  defined  the  experimental  parameters  of  the  lymphocyte  trypan  blue 
viability  test.   The  definition  of  these  parameters  has  made  it  possible 
to  use  the  lymphocyte  viability  test  to  measure  the  repair  of  DNA  damaged 
by  X  rays.   This  new  test  is  faster  and  more  sensitive  than  the  fibroblast 
CFA  test. 

4.  With  the  lymphocyte  viability  test  we  have  detected  hypersensitivity 
to  X  rays  in  the  neurodegenerative  disorders  Huntington's  disease  and 
ataxia  telangiectasia.   The  hypersensitivity  may  provide  the  basis  for 
presymptomatic  and/or  prenatal  diagnosis  of  these  disorders. 

5.  With  Dr.  Dominic  A.  Scudiero  we  have  detected  hypersensitivity  to  the 
lethal  effects  of  N-methyl-N'-nitro-N-nitrosoguanidine  (MNNG) ,  a  mutagenic 
and  carcinogenic  DNA-damaging  chemical,  in  fibroblasts  from  patients  with 
the  following  disorders:   Huntington's  disease,  infantile  spinal  muscular 
atrophy,  spinocerebellar  ataxia,  familial  dysautonomia  and  tuberous  scler- 
osis.  This  hypersensitivity,  manifested  by  decreased  colony-forming 
ability  of  the  fibroblasts  after  exposure  to  MNNG,  may  provide  the  basis 
for  a  prenatal  diagnostic  test  for  these  diseases  in  tissues  from  fetuses 
at  risk  for  these  disorders.   Elucidation  of  the  molecular  basis  for  the 
hypersensitivity  may  shed  light  on  why  most  of  these  disorders,  while 
hypersensitive  to  the  lethal  effects  of  MNNG,  are  not  characterized  by  an 
abnormally  increased  incidence  of  cancers.   Such  studies  may  also  deter- 
mine whether  the  hypersensitivity  reflects  inherited  defects  in  DNA  repair 
mechanisms. 

6.  With  Dr.  David  Lytle  we  are  studying  the  host-cell  reactivation 
capacity  of  fibroblasts  from  patients  with  the  aforesaid  neurodegenera- 
tions.   Their  host-cell  reactivation  of  X-rayed  adenovirus  was  in  the 
normal  range,  and  studies  are  in  progress  to  determine  their  reactivation 
of  UV-irradiated  adenovirus. 

7.  MNNG- induced  DNA  repair  synthesis  of  fibroblasts  from  patients  with 
Huntington's  disease  has  been  studied  in  collaboration  with  Dr.  Scudiero 
and  Dr.  Doniger.   No  defect  in  repair  synthesis  was  detected  with  either 
the  DEAE  cellulose  or  bromodeoxyuridine  techniques. 
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8.  Post-replication  repair  (PRE.)  studies  have  been  conducted  on  UV-irra- 
diated  fibroblasts  from  normal  control  donors.   We  have  found  a  fibro- 
blast strain  from  an  apparently  healthy  three-year-old  boy  to  have  ab- 
normal PRR.   The  strain  had  normal  UV- induced  unscheduled  DNA  synthesis, 
host-cell  reactivation  of  UV-irradiated  adenovirus,  and  post-UV  colony- 
forming  ability.   This  strain  is  the  only  human  fibroblast  strain  known 
to  have  an  isolated  defect  in  PRR.   Since  PRR  is  thought  to  be  an  error- 
prone  repair  system,  further  studies  on  this  unique  strain  may  provide 
further  understanding  of  the  relationship  between  PRR  and  mutagenesis, 
carcinogenesis,  and  cell  survival. 

9.  Arrangements  have  been  made  to  establish  at  the  Institute  for  Medical 
Research,  Camden,  NJ,  lymphocyte  lines  and  fibroblast  strains  from 
patients  with  degenerative  neurological  diseases.   Over  100  strains  and 
lines  have  been  established,  making  it  possible  for  investigators  to 
study  these  diseases  in  tissue  culture. 

10.  Attempts  are  being  made  to  accomplish  in  vitro  malignant  transfor- 
mation of  XP  and  normal  fibroblasts  by  UV  light.   The  irradiated  cells 
are  injected  into  nude  mice  to  determine  if  malignant  tumors  will  form. 
If  successful,  the  results  of  such  work,  when  correlated  with  our  know- 
ledge of  DNA  repair  efficiency  and  UV  mutability,  should  yield  important 
new  information  concerning  the  interrelationships  of  DNA  repair,  muta- 
genesis and  carcinogenesis.   The  Small  Animal  Section  has  so  far  been 
able  to  keep  the  nude  mice  alive  and  well  for  18  months  following  their 
injection  with  irradiated  human  cells.   It  is  too  early  to  determine 
whether  or  not  tumors  will  develop  in  these  mice  from  the  injected  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

UV-radiation  and  ionizing  radiation  are  causes  of  human  cancer.   Patients 
with  XP  are  particularly  susceptible  to  the  carcinogenic  action  of  UV- 
radiation  and  develop  multiple  malignancies  on  sun-exposed  areas  of  skin. 
Normal  human  cells  have  repair  processes  which  rapidly  and  effectively 
repair  DNA  damage,  while  most  XP  patients  have  a  marked  impairment  in 
the  rate  and/or  efficiency  of  such  repair.   This  process  is  involved  not 
only  in  repair  of  UV-induced  DNA  damage  but  also  in  repair  of  damage  by 
certain  chemical  carcinogens.   Understanding  the  relationship  between  DNA 
repair  deficiency  and  skin  tumor  develop  in  XP  patients  would,  therefore, 
elucidate  the  role  of  DNA  repair  in  preventing  in  normal  humans  those 
cancers  which  may  be  due  to  certain  chemical  and  physical  carcinogens. 
Extension  of  this  work  to  include  study  of  diseases  in  which  DNA  repair 
may  be  defective,  such  as  those  with  hypersensitivity  to  ionizing  radia- 
tion, will  further  increase  our  understanding  of  the  relationships 
between  DNA  repair  processes  and  carcinogenesis. 

XP  patients'  sun-exposed  skin  ages  much  more  rapidly  than  normal  humans 
skin.   Some  XP  patients  develop  neurological  abnormalities  that  are  due 
to  the  premature  death  of  neurons.   Our  studies  of  the  DNA  repair  defects 
are  providing  an  understanding  of  the  relationship  of  DNA  repair  processes 
to  these  aging  phenomena  in  XP.   Thus,  our  study  of  aging  in  XP  organs 
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is  providing  important  knowledge  as  to  how  properly  functioning  DNA  re- 
pair processes  prevent  such  aging  in  normal  humans.   Our  studies  of  other 
diseases  with  premature  death  of  nerve  cells  are  also  providing  an  un- 
derstanding of  such  abnormal  aging  phenomena  and  of  the  relationship 
between  ionizing  radiation-type  damage  to  DNA  and  carcinogenesis. 

Proposed  Course  of  Project: 

Continuation  of  research  as  indicated  in  the  foregoing. 

Publications : 

1.  Robbins,  J.H. :   New  forms  of  diseases  with  DNA  repair  defects. 
Photochem.  Photobiol.   30:   739-741,  1979. 

2.  Moshell,  A.N.,  Tarone,  R.E. ,  Barrett,  S.F.,  and  Robbins,  J.H.: 
Radiosensitivity  in  Huntington's  disease:   implications  for  pathogenesis 
and  presymptomatic  diagnosis.   Lancet  1:      9-11,  1980. 

3.  Doniger,  J.,  Barrett,  S.F.,  and  Robbins,  J.H.:   A  human  fibroblast 
strain  with  normal  survival  but  abnormal  postreplication  repair  after 
UV  irradiation.   Cancer  Res.   (In  press),  1980. 
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leukemic  cells;  also,  to  characterize  granules  of  neutrophils,  eosinophils,  anifl 
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Project  Description: 

Objectives : 

To  define  the  surface  ultrastructure  of  leukocytes  under  a  wide  range  of 
conditions  and  thereby  provide  fresh  insight  into  the  physiology  of  nor- 
mal and  leukemic  cells;  also,  to  characterize  definitively  the  origin, 
contents,  and  fate  of  the  characteristic  granules  of  neutrophils,  eosino- 
phils, and  basophils  as  an  index  of  the  development,  function  and  fate 
of  these  cells. 

The  Objective  and  Approach  of  the  National  Cancer  Plan  that  this  project 
most  closely  supports  is  4.1:   Investigate  the  biology  of  cells  already 
capable  of  forming  cancer  to  determine  the  relationship  of  their  growth 
and  interaction  with  the  host  response. 

Methods  Employed : 

We  have  continued  to  seek  alternative  methods  for  high  yield  collection, 
drying,  and  correlative  SEM/LM  (light  microscopy)  of  circulating  leuko- 
cytes fixed  directly  in  peripheral  blood. 

Major  Findings: 

The  filtration/freezing  procedure  developed  in  this  laboratory  remains 
the  method  of  choice,  although  it  is  limited  by  the  extremely  low  inci- 
dence of  leukocytes  in  peripheral  blood. 

Significance  to  Cancer  Research: 

The  reactions  of  lymphocytes  and  macrophages  to  immune  responses  in  malig- 
nant growth  and  therapy  are  largely  dependent  on  cell  surface  phenomena 
and  cell  interaction  —  both  uniquely  amenable  to  study  by  SEM  and  ancil- 
lary methods. 

A  thorough  understanding  of  the  origin  and  nature  of  leukocyte  granules 
is  necessary  to  define  and  interpret  the  differentiation  of  normal  granulo- 
cytes, the  cytopathology  of  chronic  granulocytic  leukemia  and  related  dis- 
orders, and  to  help  clarify  the  nature  and  functions  of  granulocytic  in- 
filtrates in  skin  and  other  tissues  in  malignant  diseases. 

Proposed  Course: 

Methods  for  concentrating  fixed  leukocytes  will  be  further  explored. 

Pending  modification  of  our  methods,  we  will  be  engaged  in  a  thorough  de- 
scription of  the  topogtaphy  of  peripheral  leukocytes  from  normal  humans 
obtained  in  representative  yields.   This  approach  will  be  extended  to 
studies  of  hematopoiesis  and  the  leukemias.   A  major  study  of  leukocyte 
granulogenesis  is  planned  employing  quantitative  auto-radiography,  cyto- 
chemistry and  TEM.   Light  microscopic  monitoring  of  preparative  conditions 
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and  the  dynamics  of  leukocyte  adherence,  motility,  interaction,  and 
growth  will  be  continued  with  the  use  of  thin  perfusion  chambers. 


Publications : 
None 
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This  project  has  partially  characterized  the  nature  of  tyrosinase,  and 
determined  the  mechanism  of  normal  latency  of  the  enzyme,  and  its  subsequent 
activation  in  vivo.   The  role  of  this  enzyme  in  melanogenesis  in  normal  tissue 
and  the  importance  of  the  altered  enzyme  found  in  melanoma  tissues  is  being 
studied. 
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Project  Description: 

Objectives: 

To  investigate  the  control  mechanisms  involved  in  regulating  melano- 
genesis  in  a  variety  of  normal  and  malignant  tissues. 

The  objective  of  the  National  Cancer  Plan  that  this  project  most  closely 
supports  is  3.1:   To  study  the  nature  and  modification  of  the  precancer- 
ous state  and  determine  mechanisms  accounting  for  high  degrees  of 
stability  of  cell  functioning. 

Methods  Employed: 

Tyrosinase  and  other  enzymatic  activities  are  investigated  both  by  spec- 
trophotometry and  radioactive  assay  methodology.   Tissues  are  dissected 
immediately  before  use  in  0.1  M  phosphate  buffer,  homogenized  and  frac- 
tionated into  subcellular  fractions  by  means  of  density  gradient  centri- 
fugation  and  differential  centrifugation.   After  solubilization  with 
detergents,  enzymes  are  further  purified  by  polyacrylamide  gel  electro- 
phoresis.  Samples  are  then  incubated  with  the  appropriate  substrates  and 
controls.   The  production  of  melanin  and  other  reaction  products  can  be 
followed  spectrophotometrically,  by  liquid  scintillation  counting  of  the 
newly  formed  radioactive  melanin  or  byproducts,  and  characterized  by 
amino  acid  analysis. 

Major  Findings: 

Since  only  one  enzyme  (tyrosinase)  is  essential  for  melanin  biosynthesis, 
it  is  a  unique  system  for  the  study  of  enzymatic  control  mechanisms  in 
normal  and  malignant  tissues.   We  have  examined  the  status  of  enzymatic 
control  of  melanogenesis  and  have  found  that  tyrosinase  is  the  enzyme 
responsible  for  melanin  synthesis  in  both  murine  and  avian  pigmentary 
systems.   It  has  always  been  a  subject  of  dispute  how  tyrosinase,  which 
can  be  easily  demonstrated  to  be  present  in  an  active  configuration  in 
the  endoplasmic  reticulum  and  Golgi  apparatus,  is  inactivated  in  vivo  in 
mammalian  systems  and  subsequently  activated  once  in  situ  in  the  melano- 
some.   In  amphibians,  the  mechanism  seems  to  be  proteolytic  activation;  in 
mammalian  and  avian  systems,  however,  proteolysis  has  no  function  in  this 
regard.   L-DOPA  is  the  natural  activator  of  the  enzyme  in  vivo;  we  have 
tested  over  twenty  L-DOPA  analogs  substituted  in  various  positions,  and 
determined  the  enzyme  is  extremely  specific  in  its  requirement  for  L-DOPA 
as  a  cof actor.   It  has  been  found  in  this  study  that  tyrosinase  is  under 
allosteric  control  and  that  phospholipids  may  play  a  part  in  the 
expression  of  the  enzyme's  activity.   It  has  also  been  found  that  this 
allosteric  regulation  in  murine  melanomas  is  altered;  this  perhaps 
explains  the  atypical  melanosome  formation  in  these  tissues . 
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Significance  to  Cancer  Research: 

In  view  of  the  differences  noted  between  the  regulation  of  tyrosinase  in 
normal  and  melanoma  tissues,  we  feel  that  at  least  one  of  the  primary 
differences  between  the  melanogenic  capabilities  of  these  two  tissues 
has  been  revealed.   The  fact  that  these  controls  are  operational  at  the 
posttranslational  level  is  informative;  whether  other  levels  of  cellular 
control  mechanisms  are  affected  by  carcinogenesis  remains  to  be  investi- 
gated.  It  is  hoped  that  further  study  of  the  cause  of  these  enzymatic 
differences  in  the  malignant  tissues  will  provide  insights  into  the  nature 
of  neoplastic  transformation. 

Proposed  Course  of  Project: 

Differences  in  the  control  mechanisms  over  melanogenesis  in  normal  and 
malignant  melanoma  tissues  will  continue  to  be  investigated.   The  charac- 
teristics of  enzymatic  activity  and  control  in  various  subcellular  frac- 
tions are  being  studied.   This  project  has  been  expanded  to  include 
characterization  of  similar  metabolisms  in  normal  and  malignant  human 
tissues. 

Publications : 

1)  Eppig,  J.J.,  Jr.,  and  Hearing,  V.J.:   Melanogenesis  in  normal  and 
malignant  tissues:   Effects  of  trypsin,  phospholipase  C  and  Triton  X-100 
on  tyrosinase  activity.   Pigment  Cell  4_  210-219  (1979). 

2)  Hearing,  V.J.,  Ekel,  T.M.,  Montague,  P.M.  and  Nicholson,  J.M.: 
Mammalian  tryosinase  -  stoichiometry  and  measurement  of  reaction  products. 
Biochim.  Biophys.  Acta  611   251-268  (1980). 

3)  Hearing,  V.J.,  Ekel,  T.M.  and  Montague,  P.M.:   Mammalian  tryosinase  - 
isozymic  forms  of  the  enzyme.   Inter.  J.  Biochem.  (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  abnormal  proteins  produced  in  human  and  murine  malignant  melanoma  are 
being  studied:   these  studies  are  aimed  at  elucidating  mechanisms  of  formation 
of  these  atypical  proteins,  as  well  as  their  importance  to  the  immunology  of 
melanoma  and/or  possible  immunotherapy  potential. 
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Project  Description: 

Objectives : 

To  characterize  the  structural  and  enzymatic  composition  of  membrane 
proteins  of  melanin  granules  throughout  their  development  in  vivo,  both 
in  normal  and  abnormal  pigmentary  systems. 

The  objective  of  the  National  Cancer  Plan  that  this  project  most 
closely  supports  is  3.1:   To  study  the  nature  and  modification  of  the 
precancerous  state  and  determine  mechanisms  accounting  for  high  degrees 
of  stability  of  cell  functioning. 

Methods  Employed : 

Our  research  has  been  aimed  primarily  at  characterizing  the  chemical 
composition  of  melanosomal  membrane  proteins  in  murine  and  human  pigment 
systems,  both  in  the  normal  as  well  as  in  melanoma  tissues.   Tissues  are 
excised  and  homogenized  in  0.25M  sucrose,  and  the  melanosomes  are  then 
isolated  and  purified  by  means  of  an  extensive  series  of  differential 
centrifugations.   Granules  thus  isolated  are  solubilized  in  either 
sodium  decyl  sulfate,  8  M  urea  or  Triton  X-100,  then  examined  with  the 
aid  of  polyacrylamide  gel  electrophoresis.   Computer  analysis  of  the 
resulting  protein  separations  allows  the  calculation  of  various 
physiochemical  parameters  of  these  macromolecules ,  including  molecular 
weight,  molecular  size,  valence  and  several  other  physical  constants 
that  are  most  useful  in  the  comparisons  of  various  proteins.   Preparative 
polyacrylamide  gel  electrophoresis  has  enabled  mg  quantities  of  the 
proteins  under  study  to  be  isolated  in  a  pure  state.   This  has  allowed 
further  characterization  of  these  proteins  with  regard  to  their  amino 
acid  content,  isoelectric  point,  molecular  weight,  prosthetic  group 
content,  end  terminal  sequences,  and  cyanogen  bromide  maps.   Antibodies 
to  these  purified  proteins  are  being  induced  in  both  rabbits  and  goats. 

Major  Findings: 

The  melanosome  in  the  normal  mouse  tissue  is  composed  of  multiple  proteins, 
many  of  which  are  loosely  bound  and  easily  extracted.   These  probably 
constitute  the  proteins  of  the  limiting  membrane  of  the  organelle. 
Another  protein  is  of  lower  molecular  weight  and  is  tightly  bound  to  the 
granule,  and  probably  constitutes  the  structural,  fihrillar  protein;  it 
appears  to  be  the  protein  which  complexes  with  the  melanin  polymer. 
Melanosomal  proteins  from  melanoma  tissues  vary  in  structure  from  those 
of  normal  tissue.   Several  of  the  proteins  seem  to  be  missing  completely 
from  these  granules,  which  are  also  structurally  distinguishable  from 
normal  granules  by  electron  microscopy.   Perhaps  more  importantly,  many 
of  the  proteins  in  melanoma  melanosomal  membranes  are  unique  and  are  not 
found  in  membranes  of  normal  melanin  granules.   This  has  been  found  to 
be  the  case  in  human  melanoma  as  well.   In  the  murine  system,  a  compari- 
son of  analogous  proteins  from  normal  and  melanoma  melanin  granules, 
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resolved  a  slight,  but  significant,  difference  of  isoelectric  points 
(4.8  and  4.5,  respectively).   There  is  also  a  difference  of  10,000  MW 
between  the  two  proteins;  both  have  amino  acid  contents  which  are 
identical  with  respect  to  13  amino  acids,  but  differ  significantly  with 
regards  to  four  amino  acids  (asp,  glu,  val,  arg) .   The  carboxy  and  amino 
terminals  however  are  identical.   Peptide  mapping  has  revealed  that 
amino  acid  sequences  are  deleted  in  3  or  more  regions  of  the  abnormal 
protein.   Other  proteins  in  these  tissues  seem  to  differ  in  a  similar 
manner.   It  has  been  found  that  tumor-specific  proteins  similar  to  these 
can  be  found  in  the  serologic  fluids  of  melanoma  patients. 

Significance  to  Cancer  Research: 

The  observations  concerning  the  aberrant  biochemical  characteristics  of 
the  melanoma  melanosome  indicate  that  the  control  of  melanogenesis  in 
malignant  melanoma  is  in  some  manner  affected  by  carcinogenesis.   Mela- 
nomas are  unusual  among  cancers  since  they  do  not  result  in  complete 
dedif f erentiation  of  the  affected  melanocyte,  but  allow  this  cell's  spec- 
ialzation,  i.e.  melanogenesis,  to  continue.   These  results  indicate  that 
although  melanogenesis  takes  place,  its  metabolic  pattern  is  abnormal. 

There  are  a  wide  range  of  implications  of  this  research  for  possible 
immunotherapy  and/or  immunoassay  of  human  malignant  melanoma.   An 
analogous  situation  of  altered  proteins  has  been  described  in  several 
other  types  of  malignancies;  thus  this  process  of  atypical  formation  of 
proteins  may  be  common  to  neoplastic  transformation.   The  similarity  of 
these  proteins  suggests  that  the  unique  proteins  present  in  the  malignant 
melanocyte  are  an  aberrant  form  of  the  analogous  protein  in  the  normal 
melanocyte,  although  the  mechanism  effecting  this  has  not  yet  been  eluci- 
dated. 

Proposed  Course  of  Project: 

Since  there  are  indications  that  the  metabolism  of  melanogenesis  in 
murine  melanoma  is  aberrant,  our  research  is  ultimately  intended  to  more 
fully  characterize  human  melanomas,  and  attempt  to  determine  the  level 
on  which  these  disorienting  control  mechanisms  operate.   It  is  hoped  that 
further  insight  into  such  controls,  be  they  at  the  level  of  replication, 
transcription,  translation,  or  post-translation,  will  provide  clues  as  to 
the  level  at  which  carcinogenic  information  is  expressed. 

Publications: 

1)  Nicholson,  J.M.,  Montague,  P.M.,  Ekel,  T.M.  and  Hearing,  V.J.: 
Isolation  and  partial  characterization  of  aberrant  melanosomal  proteins 
from  normal  and  malignant  murine  melanocytes.   Pigment  Cell  5_  266-275 
(1979). 

2)  Hearing,  V.J.,  Kerney,  S.E.,  Montague,  P.M.,  Ekel,  T.M.  and 
Nicholson,  J.M. :   Characterization  of  the  intracellular  location  of 
tumor-associated  antigens  in  B-16  murine  malignant  melanoma.   Pigment 
Cell  _5  148-154  (1979). 
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3)  Tomecki,  K.J.,  Montague,  P.M.  and  Hearing,  V.J.:   Serum  and  urine 
protein  differences  in  patients  with  malignant  melanoma.   J.  Natl.  Cancer 
Inst.   64   29-32  (1980). 

4)  Hearing,  V.J.  and  Nicholson,  J.M. :   Abnormal  protein  synthesis  in 
malignant  melanoma  cells.   Cancer  Biochem.  Biophys.   4_  59-68  (1979). 
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Project  Description: 
Objectives: 

1)  To  investigate  the  mechanisms  concerned  with  the  control  of  mitosis, 
differentiation,  function,  and  potentialities  of  normal  and  pathologic 
cells,  with  particular  reference  to  the  lymphocyte  and  cells  of  the  lym- 
phoreticular  system. 

2)  To  investigate  the  functional  and  morphological  interactions  between 
lymphocytes  and  macrophages  and  among  different  populations  of  lymphocytes 
during  in  vitro  immune  responses  related  to  delayed  hypersensitivity, 
homograft  reactions,  and  cell  mediated  allergic  contact  dermatitis. 

3)  To  detect,  characterize,  and  isolate  biologically  active  substances, 
including  soluble  mediators  of  cellular  immunity,  produced  in  stimulated 
and  unstimulated  human  leukocyte  cultures.  To  study  their  effects  modu- 
lation, and  differentiation  in  vitro. 

4)  To  develop  an  in  vitro  system  for  studying  allergic  contact  dermatitis 
in  humans  including  a  method  of  monitoring  immunotherapy  of  skin  cancers 
with  DNCB. 

5)  To  develop  a  useful  and  sensitive  histocompatibility  test  in  humans. 

6)  To  develop  an  in  vitro  model  for  the  study  of  homograft  rejection  in 
humans . 

7)  To  develop  an  in  vitro  system  for  studying  immune  reactivity  to 
various  skin  cancers. 

8)  To  determine  the  efficacy  of  2,4  dinitrochlorobenzene  (DNCB)  on  cu- 
taneous malignancies  and  premalignant  growth  in  subjects  sensitized  to 
DNCB. 

9)  To  evaluate  DNCB  as  a  useful  model  for  the  study  of  immunotherapy  of 
certain  human  cancers  and  possibly  lead  to  additional  immunotherapy  studies. 

10)  To  develop  an  in  vitro  model  for  studying  and  screening  drugs  which 
modulate  cell  mediated  immunity  in  humans. 

11)  To  develop  more  quantitative  clonal  estimates  of  cellular  immunity  in 
normal  and  pathological  states  including  cancer  prone  subjects  immunode- 
ficiency disorders. 

The  Objective  and  Approach  of  the  National  Cancer  Plan  that  this  project 
most  closely  supports  is  6.1:   Develop  and  utilize  methodologies  of 
immunology,  chemotherapy,  surgery  and  radiation  (alone  and  in  combinations) 
in  the  cure  and  palliation  of  cancer. 
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Material: 

1)  Lymphocytes  and  other  peripheral  blood  cells  are  obtained  from  hospi- 
talized patients  and  outpatients  including  patients  with  chronic  lympho- 
cyte leukemia,  sezary  syndrome,  and  other  disease  states. 

2)  Keratatome  strips  of  human  skin. 

3)  Excised  tumors  of  human  skin. 

4)  Sperm  cells  obtained  from  human  ejaculates. 

5)  Fibroblasts,  lymphoid  cells  from  humans  and  other  species  maintained 
in  tissue  culture. 

Methods  Employed: 

1)  Human  peripheral  blood  lymphocytes  are  cultured  in  vitro  and  stimu- 
lated to  transform  into  large  blastoid  cells  by  factors  such  as  phyto- 
hemagglutinin,  antigens,  and  foreign  tissue.   This  phenomenon  of  blasto- 
genesis  is  evaluated  by  the  morphologic  and  biochemical  changes  which  the 
lymphocytes  undergo.   The  mechanisms  by  which  these  blastogenic  factors 
act  and  the  culture  conditions  required  for  blastogenesis  are  determined. 

2)  Human  peripheral  blood  leukocytes  are  separated  into  a  glass-adherent 
cell  population,  composed  largely  of  macrophages,  and  into  a  population 
consisting  of  small  lymphocytes.   By  recombining  suchpopulations  obtained 
from  the  same  and  from  different  individuals,  the  function  of  each  popu- 
lation is  determined.   Interactions  and  contacts  between  cells  are  exam- 
ined by  light  and  scanning  electron  microscopic  techniques,  including 
methods  for  observing  the  same  cells  by  both  modalities.  \ 

3)  A  method  has  been  developed  for  freeze  storing  leukocytes  for  subse- 
quent studies  of  the  blastogenic  response  to  various  antigens  and  mitogens. 

4)  A  method  has  been  developed  for  adapting  the  dinitrochlorobenzene 
contact  sensitization  test  to  the  in  vitro  lymphocyte  transformation  sys- 
tem. 

5)  Methods  have  also  been  developed  for  freeze  storing  .human  spermatozoa 
with  preservation  of  HLA-D  (LD)  antigens. 

6)  Methods  have  been  developed  for  obtaining  highly  specific  populations 
of  antigen  secretive  human  lymphocytes. 

Major  Findings: 

1)   Methods  for  obtaining  'purified1  lymphocytes,  glass-adherent  mononu- 
clear cells,  and  a  population  containing  both  cell  types  from  human  per- 
ipheral blood  have  been  developed  and  analyzed.   We  have  improved  and 
utilized  a  very  rapid  and  simple  5-minute  centrifugation  method  using 
heparinized  whole  blood  for  obtaining  a  population  of  mononuclear  leuko- 
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cytes  (lymphocytes  and  monocytes)  with  very  few  contaminating  granulo- 
cytes.  This  mononuclear  leukocyte  population  contains  the  two  cell  types 
required  for  the  blastogenic  response  and  provides  cultures  capable  of 
responding  with  maximal  responses  to  specific  and  non-specific  blasto- 
genic factors. 

2)  Human  epidermal  cells  induce  blastogenesis  in  allogeneic  leukocytes. 
Human  epidermal  cells  did  not  induce  blastogenesis  in  autologous  leuko- 
cytes nor  in  the  leukocytes  of  a  mixed  leukocyte  HL-A  identical  sibling 
pair.   These  results  indicate  that  epidermal  induced  leukocyte  blasto- 
genesis is  a  measure  of  histocompatibility  in  humans  comparable  to  a  one- 
way mixed  leukocyte  reaction. 

3)  A  method  has  been  developed  which  permits  positive  light  microscopic 
identification  of  individual  leukocytes  in  a  heterogeneous  population  by 
Giemsa  staining  while  preserving  delicate  surface  features  for  subsequent 
scanning  electron  microscopy  of  the  same  cells. 

4)  Isolation  and  partial  characterization  of  a  factor  released  by  glass 
adherent  phagocytic  cells  which  is  an  essential  requirement  for  the  blasto- 
genic response  of  lymphocytes  to  specific  antigens,  leukocytes,  and  phyto- 
hemagglutinin. 

5)  Isolation  of  a  factor  released  in  cultures  containing  lymphocytes  of 
subjects  sensitized  to  DNCB  that  will  induce  blastogenesis  in  leukocyte 
cultures  from  nonsensitized  subjects. 

6)  Characterization  of  the  abnormal  blastogenic  responses  of  lymphocytes 
from  patients  with  chronic  lymphocytic  leukemia,  sezary  syndrome,  and  other 
related  disease  states. 

7)  Development  of  a  method  for  monitoring  the  degree  of  sensitivity  to 
DNCB  in  vitro  during  in  vivo  contact  sensitization.   This  in  vitro  tech- 
nique expands  the  usefulness  of  DNCB  for  the  evaluation  and  study  of  cell 
mediated  immunity,  and  offers  a  method  for  monitoring  DNCB  immunotherapy, 
an  approach  for  the  study  of  tolerance,  and  a  controlled  system  for  the 
study  of  the  many  antigen-released  mediators  of  cellular  immunity  in  man. 
Similar  approaches  with  other  contact  allergens  may  offer  a  safe  diagnostic 
test  for  allergic  contact  dermatitis. 

8)  Successful  adaptation  of  the  Dinitrochlorobenzene  (DNCB)  contact  sen- 
sitization test  to  the  in  vitro  lymphocyte  transformation  technique  in 
humans . 

9)  Development  of  simplified  methods  for  freeze  storing  human  peripheral 
blood  leukocytes. 

10)  Using  the  frozen  leukocyte  technology  and  the  method  for  studying 
DNCB  sensitivity  in  vitro  we  have  demonstrated  a  temporal  relationship 
between  in  vivo  skin  reactivity  and  in  vitro  specific  lymphocyte  trans- 
formation during  a  primary  immune  response. 
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11)  Peak  in  vitro  activity  was  observed  two  to  four  weeks  following 
application  of  the  primary  sensitizing  dose  of  DNCB  and  fell  off  to 
lower  levels  within  two  months  of  primary  sensitization.   These  sequen- 
tial studies  of  allergic  contact  dermatitis  in  humans  are  the  first  such 
studies  of  the  kinetics  of  a  primary  cellular  immune  response  using  both 
in  vivo  and  in  vitro  techniques. 

12)  Additional  studies  have  demonstrated  a  quantitative  relationship 
between  the  intensity  and  duration  of  allergic  contact  dermatitis  to  DNCB 
in  vivo  and  the  magnitude  of  specific  lymphocyte  transformation  in  vitro . 

13)  Demonstration  that  repeated  challenge  with  DNCB  boosts  specific  in 
vitro  lymphocyte  transformation. 

14)  Discovery  of  lymphokine  activity  in  allergic  contact  dermatitis  there 
is  evidence  that  such  lymphokines  may  be  the  mediators  of  cell  mediated 
immunity. 

15)  Demonstration  of  the  time  course  of  release  of  lymphokine  activity  in 
human  peripheral  blood  cultures. 

16)  Demonstration  of  reproducible  dose-response  curves  for  lymphokine 
activity.   Such  dose-response  curves  illustrate  a  sensitive  quantitative 
assay  for  cellular  immunity  in  vitro  and  offers  a  biological  system  with 
great  potential  for  further  characterization  and  isolating  the  mediators 
in  cell  mediated  immunity. 

17)  The  DNCB  system  offered  the  versatility  that  made  it  possible  to 
show  the  lymphokines  responsible  for  lymphocyte  transformation  in  target 
leukocyte  populations  from  nonsensitized  subjects  were  as  active  on  syn- 
geneic (identical  twins)  leukocytes  as  on  allogeneic  leukocytes,  indi- 
cating the  observed  activity  was  not  due  to  histocompatibility  factors. 

18)  It  has  recently  been  shown  that  lymphokine  activity  is  absent  during 
a  primary  immune  response  to  DNCB  and  required  one  or  more  rechallenges 
before  activity  is  detectable  using  the  lymphocyte  transformation  system 
which  suggests  the  soluble  factors  known  as  lymphokines,  may  represent  an 
amplification  of  cellular  immunity. 

19)  Successful  adaptation  of  an  automated  microsystem  for  harvesting  cells 
has  enabled  us  to  harvest  cells  in  a  rapid  fashion. 

20)  The  unique  features  of  this  project  are:   a)   Both  in  vitro  and  in 
vivo  portions  of  this  project  are  ethically  feasible  in  humans  which  makes 
these  studies  more  germane  to  human  disease,   b)   Previous  studies  with 
microbial  antigens  have  lacked  effective  control  over  exposure,  in  con- 
trast to  controlled  DNCB  sensitization.   c)   The  assay  is  sensitive,  spe- 
cific and  quantitative  making  it  a  valuable  tool  for  measuring  lymphocyte 
activation  under  a  variety  of  experimental  conditions. 
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21)  Studies  on  soluble  factors  released  by  human  lymphocytes  (lympho- 
kines)  indicate  that  little  or  no  lymphokine  is  released  during  an  in  vivo 
primary  immune  response  to  DNCB,  but  is  produced  in  some  subjects  only 
after  additional  in  vivo  rechallenge.   We  interpret  this  to  indicate  that 
the  lymphokine  activity  demonstrated  in  vitro  may  well  indicate  a  bodily 
mechanism  for  amplifying  the  cellular  immune  response. 

22)  Recent  studies  in  our  laboratory  indicate  that  an  entire  series  of 
DNP  containing  amino  acids  induce  varying  degrees  of  lymphocyte  trans- 
formation specifically  in  subjects  topically  sensitized  with  DNCB.   The 
ability  to  stimulate  with  soluble  DNP  containing  substances  as  well  as 
with  our  previously  developed  particulate  antigen  offers  great  flexibility 
in  our  combined  In  vitro  -  in  vivo  system  for  investigating  the  cellular 
immune  response  in  humans.   Furthermore,  these  studies  might  prove  to  be 
of  considerable  importance  in  understanding  the  mechanism  of  triggering  a 
specific  cell  mediated  immune  reaction. 

23)  Demonstration  of  the  ability  of  sperm  cells  to  induce  allospecific 
lymphocyte  transformation.   We  have  previously  demonstrated  the  ability  of 
macrophages,  certain  lymphocytes,  and  human  epidermal  cells  to  induce  allo- 
specific lymphocyte  transformation.   Interestingly,  studies  in  the  mouse 
indicated  that  a  product  of  the  major  histocompatibility  complex  has  a 
tissue  distribution  similar  to  the  cell  populations  we  have  found  to  in- 
duce allospecific  lymphocyte  transformation  in  humans.   These  findings 
could  have  important  impact  in  diverse  areas  such  as  transplantation  and 
reproductive  biology.   We  are  currently  attempting  to  find  out  if  our 
studies  on  contact  sensitivity  are  related  or  in  any  way  controlled  by  the 
major  histocompatibility  complex  in  humans.   The  combination  of  our  histo- 
compatibility and  contact  sensitivity  studies  may  develop  into  a  field  of 
human  immunogenetics  with  potential  ramifications  in  a  wide  variety  of 
disease  states. 

24)  We  have  developed  methods  for  freeze-storing  human  spermatozoa  and 
preserving  their  ability  to  stimulate  allogeneic  lymphocytes.   This  method- 
ology, which  uncovers  the  important  Hl-A-D  (LD)  locus  responsible  for  graft 
rejection  allows  a  practical  and  superior  approach  to  study  of  the  genetic 
locus  containing  immune  response  genes  associated  with  a  variety  of  human 
diseases. 

25)  In  collaboration  with  the  Diabetes  Branch  we  have  discovered  a  new 
form  of  diabetes  with  a  defect  in  the  affinity  of  insulin-receptors. 

26)  We  have  developed  a  method  (clonal  priming)  for  defining  specificity 
and  cross  reactivity  at  the  T  cell  level.   The  clonal  priming  reaction 
offers  a  practical,  ethical,  in  vitro,  quantitative  approach  for  systematic 
study  of  relationships  recognized  as  foreign  by  immune  cells.   Concepts 

of  cross  reactivity,  organ-  and  tissue-specific  antigens,  autoimmunity, 
tolerance  and  immunohomeostasis  have  been  well  developed.   However,  prog- 
ress has  been  hampered  by  lack  of  an  experimental  approach  to  directly 
compare  tissue,  differentiation  tumour,  microbial  (including  viral)  and 
other  environmental  antigens  at  the  level  of  cellular  immunity.   With 
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clonal  priming,  it  may  now  be  possible  to  pinpoint  agents  implicated  in  a 
variety  of  inflammatory  and  neoplastic  diseases  in  which  cellular  immune 
discrimination  plays  a  role. 

27)  Clonal  priming  has  been  extended  to  the  study  of  soluble  protein 
antigens  which  require  a  method  of  representation  in  our  second  culture. 
This  method  should  allow  the  study  of  autologous  components  (immune  re- 
sponse gene  products)  and  identification  of  specific  environmental  anti- 
gens which  may  be  involved  in  the  immunopathogenesis  of  major  histocom- 
patibility (MHC)  associated  diseases. 

28)  We  have  found  the  leukocyte  autologous  components  (immune  response 
gene  products)  required  for  lymphocyte  activation  in  DNCB  sensitized  sub- 
jects are  sensitive  to  ultraviolet  light  and  behave  in  a  manner  similar 
to  HLA-D  determinants. 

29)  We  have  found  that  the  allostimulating  ability  of  human  spermatozoa 
is  resistant  to  ultraviolet  (UV)  light  in  striking  contrast  to  the  ex- 
quisite UV  sensitivity  of  leukocytes.   This  finding  is  not  only  interesting 
in  distinguishing  these  two  measures  of  histocompatibility,  but  gives  us 
significant  possible  insight  on  the  mechanisms  involved  in  recognition 
processes  and  provides  putative  evidence  for  an  effect  at  the  genetic 
(DNA)  level. 

30)  We  have  reported  the  detection  in  our  culture  system  of  cytotoxic 
lymphocytes  which  are  specific  for  dinitrophenylated  autologous  leukocytes. 
Cytotoxic  activity  was  demonstrated  in  a  4  hour  chromium  release  assay 
using  unstimulated  peripheral  blood  lymphocytes  as  targets.   Lytic  activ- 
ity was  not  observed  in  fresh  PBL  but  was  demonstratible  by  day  5  of  pri- 
mary in  vitro  stimulation  and  could  be  demonstrated  as  late  as  day  21. 
Cytotoxic  activity  was  often  markedly  increased  by  secondary  in  vitro  re- 
stimulation.   Lysis  was  observed  only  on  DNP-modified  cells.   Between 
certain  donors  total  self-restriction  of  cytotoxic  activity  was  observed 
(i.e.  lysis  was  observed  on  the  autologous  but  not  the  allogeneic  target). 
Between  other  donors,  partial  cross  reactivity  was  observed  in  the  DNP- 
dependent  lysis.   This  self-specificity  is  consistent  with  effector  cell 
recognition  of  DNP  in  association  with  polymorphic  cell  surface  antigens 
most  likely  those  coded  for  by  HLA-linked  genes.   Such  findings  may  be 
significant  for  understanding  the  pathogenesis  of  contact  sensitivity,  in 
vitro  screening  for  contact  sensitizers,  and  of  potential  practical  bene- 
fit for  predicting  the  immunotherapeutic  value  of  various  haptens  in  the 
treatment  of  cancer. 

31)  In  collaboration  with  Dr.  Gary  Peck  and  others  in  the  dermatology 
branch,  we  have  found  a  promising  method  for  treatment  of  some  skin  cancers 
with  13-cis  retinoic  acid. 

32)  We  have  found  a  T  cell  maturation  defect  in  the  cancer  prone  immuno- 
deficiency disorder  Ataxia-Telangiectasia.   The  defect  is  detectable  in 
some  heterozygotes  suggesting  we  are  approaching  the  cite  of  gene  action. 
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33)  We  have  conceptually  integrated  the  requirement  for  histocompatibility 
factors  in  cellular  immune  recognition  with  the  concept  of  immune  response 
(IR)  gene  effects  and  provided  and  published  a  significant  amount  of 

data  bearing  on  this  hypothesis. 

34)  We  have  developed  a  quantitative  method  for  assessing  T  lymphocytes 
function  in  humans 

35)  We  have  discovered  a  method  for  Uncovering  autoreactive  lymphocyte 
clones  in  healthy  human  subjects  with  allogeneic  spermatozoa.     * 

36)  We  have  developed  a  system  for  directly  assessing  antigen  specific 
suppression  and  further  related  our  studies  on  immunoregulation  to  basic 
immunologic  concepts  in  a  human  model. 

37)  We  have  extended  our  previous  experimental  model  and  immunogenetic 
findings  with  dinitrochlorobenzene  to  a  clinically  relevant  form  of  con- 
tact sensitivity  -  common  nickel  dermatitis.   Because  of  the  simplicity 
of  nickel,  these  studies  promise  to  provide  fundamental  information  on 
cellular  immune  recognition  in  addition  to  the  clinical  relevance. 

38)  We  have  found  two  major  deficiencies  in  the  thymus  deficiency  dis- 
order Ataxia-Telangiectasia.   They  lack  a  specific  subset  of  T  cells  and 
are  deficient  in  certain  lymphokines. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  lymphocyte  is  a  cell  involved  in  immune  reactions  which  may  be  opera- 
tive in  the  immune  response  to  neoplastic  tissue.   Our  studies  concerned 
with  blastogenesis  and  the  control  of  cell  division  and  differentiation 
of  the  lymphocyte  may  elucidlate  the  cell's  normal  and  abnormal  functions 
in  the  immune  response  involved  in  the  host's  defense  against  cancer. 
These  studies  should  also  provide  information  concerning  the  control  of 
cell  differentiation  and  division. 

Proposed  Course  of  Project: 

Because  of  our  success  in  defining  the  requirements  -for  histocompatibility 
factors  required  for  clonal  activation  of  lymphocytes  and  .selective  de- 
fects in  the  cancer  prone  thymic  immunodeficiency  disorder  Ataxia-Telan- 
giectasia we  plan  on  further  escalation  of  both  the  basic  nature  of  human 
immune  responsiveness  and  relationships  to  certain  clinical  disease 
states. 

Because  of  our  success  with  T  cell  activation  and  histocompatibility 
requirements  with  nickel,  we  plan  to  further  explore  the  basic  require- 
ments for  lymphocyte  activation.   This  would  require  actual  cloning  of 
antigen  specific  T  cells  (already  in  progress  and  successful)  and  the 
development  of  further  methods  to  probe  the  specific  receptors.   These 
basic  studies  on  T  cell  activation  and  T.  cell  cloning  tie  in  well  with 
our  clinical  program  on  the  T  cell  deficiency,  cancer  prone  disorder  - 
Ataxia-Telangiectasia. 
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Project  Description: 

Objectives : 

To  discover  and  develop  new  methods  and  intrepretive  criteria  for  the 
application  of  SEM  to  a  wide  variety  of  soft  biological  tissues,  and 
thereby  capitalize  on  the  unique  capabilities  of  this  instrument  in 
providing  improved  survey  and  sampling  as  an  adjunct  to  other  studies, 
an  unparalleled  three-dimensional,  experiential  view  of  cell  form  and 
surface  phenomena,  and  an  unusual  potential  for  cytochemical  studies. 

Specifically,  we  have  been  concerned  with:   1)  a  critical  review  of 
methods  used  to  prepare  tissue  culture  cells  for  SEM;  2)  the  influence 
of  epidermal  growth  factor  (EGF)  and  other  hormones  on  the  topography 
of  cultured  cells;  3)  the  use  of  backscatted  electron. imaging  for  atomic 
number  contrast  of  selective  stains;  and  4)  the  influence  of  cell  cycle 
on  the  topography  of  cultured  cells. 

The  Objective  and  Approach  of  the  National  Cancer  Plan  that  this  project 
most  closely  supports  is  3.5:   Study  cell  surface  and  cell  membranes. 

Methods  Employed: 

1)  An  exhaustive  literature  search  has  been  undertaken  to  identify,  and 
evaluate  published  methods  used  in  preparing  tissue  culture  samples  for 
SEM.   In  addition  a  series  of  parallel  samples  of  HBT-3  cells  grown  as 
monolayers  on  glass  coverslips  (courtesy  of  Dr.  Stanley  E.  Shackney,  CP, 
NCI)  were  fixed,  dried,  and  coated  by  various  methods  for  direct  compari- 
son. 

2)  Monolayers  of  a  nontrans formed  epithelial  line  (MMC-E)  and  a  human 
epidermoid  carcinoma  line  (A431)  were  exposed  to  0.1-100ng/ml  mouse  epi- 
dermal growth  factor  (EGF)  and  to  similar  concentrations  of  other  hor- 
mones (rat  MSA  peptides,  mouse  SGF,  and  insulin)  for  periods  of  one 
minute  to  eight  days,  then  fixed  and  examined  by  SEM  and  compared  with 
parallel  samples  cultured  in  media  without  added  hormones.   Also,  some 
cultures  were  examined  continuously  in  Dvorak-Stotler  perfusion  chambers 
as  EGF  was  infused;  the  cells  were  photographed  or  videorecorded  (cour- 
tesy Dr.  Kenneth  R.  Spring,  IR,  KE,  NHLBI)  during  this  process  through 
fixation  for  SEM.   (With  Keski-Oja,  Heine,  and  Rapp) . 

3)  Samples  of  the  ciliated  protozoa  Miamiensis  avidis  and  Folliculina 
simplex  were  impregnated  with  silver  albuminose  (Protargol) ,  processed 
for  SEM,  and  examined  by  light  microscopy  (LM)  and  by  SEM  in  both  the 
conventional  secondary  emissive  mode  and  in  the  backscattered  electron 
(BSE)  mode  for  atomic  number  contrast.   (With  Small,  Maugel,  and  Meola) 

4)  Monolayer  cultures  of  HeLa  cells  growing  in  unperturbed  cultures, 
and  parallel  samples  harvested  by  mitotic  shakeoff  procedures  and  incu- 
bated various  times  to  produce  synchronized  cell  populations,  were  ex- 
posed to  tritiated  thymidine  for  a  brief  period  and  fixed.   After 
Feulgen  staining,  LM  photomicrographs  were  taken  of  all  cells  in  syste- 
matically selected  areas  of  each  sample.   The  samples  were  then  dried 
and  coated  with  evaporated  carbon,  and  these  same  cells  were  mierographed 
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by  SEM  in  the  secondary  emissive  mode.   The  samples  were  then  dipped  in 
liquid  emulsion  and  processed  as  autoradiographs  (ARG) ,  whereupon  the 
same  cells  were  again  examined  and  micrographed  either  by  LM  or  by  SEM 
in  the  BSE  mode.   Individual  cells  were  scored  as  to  experiment  number, 
type  of  specimen  (unperturbed  culture,  synchronization  category) ,  stage 
in  the  cell  cycle  (phase  of  mitosis,  labelled  or  unlabelled  interphase), 
and  several  morphologic  parameters  (height  and  incidence  of  microvilli, 
blebs  and  ruffles) ,  and  these  scores  were  compiled  in  WYLBUR  for  data 
processing.   (With  Crane,  Dvorak,  and  Tarone) 

Major  Findings: 

1)  Our  critical  review  of  methods  for  examining  tissue  culture  cells  by 
SEM  was  presented  in  part  as  a  tutorial  at  the  SEM/80  symposium.   Current- 
ly we  can  recommend,  for  standardized  comparison  at  least,  the  following 
procedures  for  processing  tissue  culture  material  for  SEM:   A)  Monitor 
each  step.   B)  Avoid  or  control  prefixation  changes  in  the  cells'  envir- 
onment.  C)  Fix  in  at  least  2%  glutaraldehyde  in  at  least  isotonic  buffer 
for  at  least  two  hours.   D)  Ensure  representative  sampling.   E)  Acknow- 
ledge and  minimize  shrinkage  during  critical  point  drying  (CPD) ,  and 
freeze-dry  if  possible.   F)  Conductivize  without  overheating  or  over- 
coating, and  consider  impregnation  methods.   G)  Evaluate  systematically 
collected  data,  not  selected  examples.   H)  Rely  routinely  on  stereo 
images.   I)  Use  corroborative  ancillary  approaches  on  the  same  cells. 

J)  Report  precisely  the  sample  condition,  the  preparative  protocols,  and 
the  size  and  breadth  of  the  data  base. 

2)  Conventional  Protargol  staining  of  ciliate  protozoans  deposits  metal- 
lic silver  selectively  in  the  cortical  cytoplasmic  organelles  (kinetids) 
associated  with  their  surface  cilia.   The  specificity  of  this  staining 
and  the  scale  of  the  kinetids  were  ideally  suited  for  us  to  develop  and 
apply  techniques  for  BSE  imaging  of  atomic  number  contrast.   By  compari- 
son with  LM  images  of  the  same  samples  the  BSE  images  offer  improved 
resolution  and  considerably  greater  depth  of  field,  enabling  direct 
three-dimensional  visualization  of  complex  kinetid  morphology,  previously 
accomplished  by  tedious  reconstruction  of  transmission  electron  micro- 
scope (TEM)  images  of  thin  sections. 

3)  MMC-E  cells  respond  within  seconds  to  the  addition  of  EGF  "with  the 
appearance  of  large  central  ruffles  on  most  cells  associated  with  endo- 
cytosis  and  vacuole  formation.   This  activity  quickly  subsides  (within 
one  hour  in  the  presence  of  lOOng/ml  hormone)  and  the  cells  resume  their 
unstimulated  morphology.   The  incidence  of  microvilli  seems  inversely 
related  to  the  incidence  of  ruffles  on  these  cells.   Long-term  (one  to 
eight  days)  exposure  to  lower  concentrations  of  EGF  (l-10ng/ml)  results 
in  spreading  of  the  normally  spindle-shaped  cells  that  border  the  MMC-E 
colonies,  and  removal  of  the  EGF  reverses  this  effect.   A431  cells  re- 
spond differently  during  short-term  exposure  to  EGF  (lOOng/ml) ,  initially 
developing  small  ridges  or  plicae  over  the  upper  surface  of  most  cells 
and  large  marginal  ruffles  that  surround  most  cells.   Within  30  minutes 
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most  of  these  cells  resume  their  normal  morphology.   These  results 
establish  the  relative  sensitivity,  rapidity  and  extraordinary  specificity 
that  may  characterize  cell  surface  responses  to  the  presence  of  hormones 
in  culture. 

4)   Unperturbed  HeLa  cells  in  culture  undergo  substantial  characteristic 
topographic  changes  during  mitosis,  but  display  little  if  any  change  in 
surface  morphology  during  interphase  in  association  with  thymidine  in- 
corporation ("S  phase").   These  preliminary  findings  confirm  previous 
results  from  this  laboratory  using  Chinese  hamster  ovary  (CHO)  cells.   In 
the  present  series  we  have  successfully  used  atomic  number  contrast  in  the 
BSE  mode  in  the  SEM  to  visualize  and  score  the  autoradiographic  silver 
grains  that  indicate  tritiated  thymidine  incorporation.   By  scoring  top- 
ographic features  of  systematically  selected  cell  populations  in  samples 
of  the  synchronized  cells  and  comparing  them  statistically  with  unpertur- 
bed cell  populations,  we  have  evidence  that  the  simple  mitotic  shakeoff 
procedure  may  alter  cell  surface  form  over  periods  up  to  24  hours  — 
independent  of  progression  through  the  cell  cycle. 

Significance  to  Cancer  Research: 

SEM  reveals  fine  surface  structure  with  unparalleled  three-dimensionality, 
depth  of  field,  and  sampling  capability.   As  this  approach  is  adapted 
to  biological  problems  through  experience  with  diverse  tissues,  cellular 
form,  surface  details  and  interactions  can  be  better  interpreted  in  normal 
and  malignant  tissues,  as  well  as  in  experimental  systems  which  help  de- 
fine immune  responses,  differentiation,  and  other  processes  fundamental 
to  oncogenesis  and  its  control.   The  tissue  culture  studies  directly  elu- 
cidate new  aspects  of  tumor  cell  biology  and  transformation. 

Proposed  Course  of  Project: 

1)  This  material  will  appear  in  a  special  monograph  on  SEM  sample  prep- 
aration; several  poorly  understood  processing  steps  will  be  monitored 
using  thin  perfusion  chambers  and  Nomarski  optics;  and  of  course  our  own 
protocols  will  be  updated. 

2)  Further  experiments  are  contemplated  on  the  short-term  effects  of  EGF 
combining  LM  monitoring  and  SEM  morphometry. 

3)  The  refined  BSE  imaging  methods  will  be  applied  to  other  problems 
(like  scoring  ARG  silver  grains),  and  these  protozoan  samples  will  serve 
as  standards  for  comparing  new  developments  in  BSE  technique  and  instru- 
mentation. 

4)  These  experiments  are  being  repeated,  and  combined  topographic, 
Feulgen,  thymidine  incorporation,  and  synchronization  data  are  now  being 
collected  on  the  same  cells.   This  problem  is  well  suited  to  develop  the 
application  of  data  processing  techniques  to  SEM  studies  of  cell  surface 
form. 
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To  further  develop  and  refine  techniques  of  specimen  preparation,  analysis, 
and  interpretation  for  SEM  will  be  the  goal  of  continuing  work  with  a 
wide  variety  of  tissues,  experimental  approaches,  and  instrumentation. 
Special  emphasis  will  be  accorded  a  search  for  novel  cytochemical  methods, 
especially  with  labels  visualized  in  the  backscatter  mode,  which  are 
uniquely  possible  for  this  tool.   Further  collaboration  in  SEM,  TEM  and 
cytochemical  studies  of  skin  is  under  way  with  investigators  in  this  branch 
and  elsewhere. 


Publications : 


1.  Keski-Oja  J.,  Heine,  U.I.,  Rapp,  U.R.,  and  Wetzel,  B.:   Epidermal 
Growth  Factor-Induced  Alterations  In  Proliferating  Mouse  Epithelial  Cells. 
Exp.  Cell  Research,  In  press. 

2.  Small,  E.B.,  Wetzel,  B.,  Maugel,  T.K. ,  and  Meola,  P.:   Preliminary 
Study  of  Ciliates  Stained  With  Silver  Albuminose  (Protargol)  Examined  In 
The  Backscattered  Electron  Mode  With  The  SEM.   Scanning  Electron  Micros- 
copy, SEM  Inc.,  AMF  O'Hare  (Chicago),  II,  (1980). 
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SUMMARY   OF    WORK    (200   words   or   less  -   underline    keywords)  The    polypeptide    chains    which    comprise 

the  subunits  of  the  keratin  filaments  of  normal  human,  murine  and  bovine  epi- 
dermis have  been  isolated  and  characterized.   The  subunits  polymerize  in  vitro 
into  native-type  filaments.   The  repeating  structural  unit  of  the  filaments 
consists  of  three  chains  aligned  side-by-side  with  two  discrete  regions  of  super 
coiled  a-helix  interspersed  by  regions  of  non-helix.   Higher  orders  of  filament 
ultrastructure  are  being  investigated  using  physiochemical  and  electron  micro- 
scopic  techniques  as  well  as  sequence  studies  on  individual  subunits.   The  kera- 
tin polypeptide  subunits  of  abnormal  and  malignant  human  epidermis  are  different 
from  those  of  normal  epidermis  and  work  is  in  progress  to  define  these  differen- 
ces.  Normal  mouse  epidermal  cells  grown  in  cell  culture  synthesize  the  keratin 
filaments.   The  appearance  of  these  proteins  will  be  used  as  biochemical  markers 
for  studies  of  in  vitro  carcinogenesis.   The  lOnm  filaments  of  a  variety  or 
cell-types  have  been  shown  to  be  structurally  similar  to,  but  immunologically 
different  from  keratin  filaments.   A  histidine-rich  basic  protein  isolated  from 
rat  epidermis  and  the  slightly  different  protein  ot  mouse  epidermis  specifically 
aggregate  keratin  filaments  and  other  lOnm  filaments  in  a  manner  suggestive  of 
an  interf ilamentous  matrix  component. 
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Project  Description: 
Objectives : 

1)  To  characterize  the  ultrastructure  of  keratin  filaments  polymerized 
in  vitro  from  the  subunits  of  the  filaments  isolated  form  normal  human, 
murine  and  bovine  epidermis. 

2)  To  characterize  the  polypeptide  subunits  of  keratin  filaments  isola- 
ted from  various  benign  and  malignant  human  and  mouse  epidermal  diseases. 

3)  To  investigate  the  biosynthesis  of  the  keratin  filament  polypeptide 
subunits  in  cultures  of  normal  mouse  epidermal  cells  and  to  investigate 
the  effects  of  various  drugs  and  carcinogens  on  the  cells. 

4)  To  investigate  the  nature  of  the  highly-specific  interaction  between 
epidermal  keratin  filaments  and  a  histidine-rich  basic  protein  isolated 
from  the  epidermis. 

5)  To  investigate  the  chemical,  immunological  and  structural  similarities 
between  epidermal  keratin  filaments  and  lOnm  filaments  isolated  from  a 
variety  of  cell  types,  such  as  BHK-21,  CHO,  HeLa,  and  PtKl  cells,  grown 

in  culture. 

Major  Findings  and  Methods  Employed: 

1)  The  polypeptide  chains  which  comprise  the  subunits  of  the  keratin 
filaments  of  normal  bovine  and  murine  epidermis  have  been  isolated  and 
individually  characterized  by  standard  protein  chemical  techniques.   The 
unfractionated  mixture  of  polypeptides  or  combinations  of  two  of  the 
purified  polypeptides  spontaneously  polymerize  in  vitro  in  dilute  salt 
solution  into  filaments  that  are  uniformally  80  A  wide  and  up  to  40  urn 
long.   The  polypeptide  composition  of  these  filaments,  and  their  structure, 
based  on  electron  microscopy  and  X-ray  diffraction,  are  the  same  as  the 

in  situ  keratin  filaments.   The  stoichiometry  of  the  recombination  experi- 
ments reveals  that  the  polypeptides  are  present  in  the  filaments  in  the 
precise  molar  ratios  of  1:2.   This  suggests  that  the  epidermal  keratin 
filament  has  a  three-chained  unit  structure  and  this  is  supported  by  the 
X-ray  diffraction  analyses. 

2)  The  X-ray  diffraction  data  implies  the  filaments  contain  regions  of 
coiled-coil  a-helix.   These  regions  have  been  isolated  by  selective  diges- 
tion with  trypsin  and  appear  in  two  forms:   All  of  the  helix  of  the  fila- 
ments can  be  accounted  for  by  (a)  particles  20A  X  180A,  95%  a-helix,  of 
40,000  molecular  weight,  which  can  be  denatured  with  SDS  into  chains  of 
about  14,000  molecular  weight.   Therefore  the  a-helix  of  the  filaments 
consists  of  discrete  regions  180A  long  of  triple  chain  coiled-coil  a-helix. 
(b)  particles  present  during  the  early  stages  of  digestion  are  20A  x  400A, 
75%  a-helix,  of  110,000  molecular  weight  and  can  be  denatured  with  SDS  into 
chains  of  about  35,000  molecular  weight.   End-terminal  analyses  indicate 
that  this  consists  of  two  helical  regions  of  (a)  separated  by  about  40A 

of  non-helix.   This  fragment  constitutes  the  major  portion  of  and  contains 
all  of  the  a-helix  of  the  triple-chain  structural  unit  of  the  filaments. 
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The  properties  and  structure  of  these  fragments  provide  information  on 
the  alignment  of  the  polypeptides  in  the  structural  unit.   The  structural 
unit  is  20A  wide  by  about  500A  long  and  consists  of  three  filament  sub- 
units  aligned  side-by-side  with  two  a-helical  segments  interspersed  by 
regions  of  non-helix. 

3)  Having  presented  a  model  for  the  structure  of  the  basic  repeating 
unit  of  the  epidermal  keratin  filament,  further  studies  on  the  ultrastruc- 
ture  of  the  filament  have  followed  two  different  but  complimentary  direc- 
tions.  Only  the  bovine  system  has  been  studied  because  of  the  adequate 
availability  of  protein.   (a)  Details  of  the  primary  structure  of  selected 
filament  subunits  will  provide  information  on  how  the  unit  structure  forms 
and  aggregate  to  form  the  filament.   The  a-helical  particles  as  well  as 
peptides  derived  on  cleavage  of  intact  subunits  with  NBS  and  CNBr  are 
being  characterized;  the  former  will  be  located  along  the  subunits  follow- 
ing ordering  of  the  NBS  and  CNBr  peptides.   (b)  Higher  orders  of  filament 
structure  are  being  investigated  by  studying  the  mechanism  of  filament 
assembly.   Polymerization  is  time  and  protein  concentration  dependent  and 
follows  an  ordered  biphasic  cooperative  process.   This  involves  the  ini- 
tial rate-limited  formation  of  a  "nuclear"  particle  followed  by  a  rapid 
aggregation  of  it  into  filaments.   The  nuclear  particle  is  a  hexamer,  as 
determined  by  mathematical  models  of  light-scattering  data,  and  probably 
consists  of  a  pair  of  triple  chain  structural  units  and  may  be  a  structural 
"building  block"  of  the  filament.   In  support  of  this  filament  assembly 
appears  in  the  electron  microscope  to  involve  (i)  formation  of  20A  wide 
particles  which  may  correspond  to  the  structural  unit  or  hexamer;   (ii) 
apparent  twisting  of  these  to  form  short  filaments  about  80A  wide;  and 
(iii)  apparent  end-to-end  joining  of  these  to  form  long  filaments.   De- 
tailed studies  attempting  to  define  the  assembly  process  and  hence  fila- 
ment ultrastructure  are  underway. 

4)  High  resolution  transmission  electron  microscopy  of  sections  through 
normal  murine  epidermis,  and  the  outer-root-sheath  component  of  guinea 
pig  hair  follicles  (which  is  contiguous  to  and  continuous  with  the  epider- 
mis) is  being  employed  to  study  the  structure  of  keratin  filaments  in 
intact  tissue.   In  transverse  cross-section,  the  filaments  appear  annular, 
that  is,  have  a  region  of  reduced  density  in  their  center.   Similar  micro- 
scopic sections  of  filaments  polymerized  in  vitro  demonstrate  this  appear- 
ance also.   In  addition,  polymerized  filaments  negatively-stained  with 
neutralized  phosphotungstic  acid  display  a  region  of  enhanced  electron 
density  in  their  centers.   These  observations  suggest  the  filament  is 
tubular  in  structure.   Further  detailed  electron  microscopic  data  is  re- 
quired to  establish  this  concept  fully. 

5)  Comparisons  of  the  polyacrylamide-gel  electrophoretic  profiles  of  the 
keratin  subunits  obtained  from  abnormal  human  epidermis  such  as  Darier's 
disease  and  lamellar  ichthyosis  with  those  of  normal  epidermis  show  promi- 
nent differences  in  numbers  and  mobilities  of  bands.   Also,  the  abnormal 
polypeptides  show  limited  facility  for  polymerization  in  vitro.   There- 
fore, there  may  be  differences  in  the  chemical  structures  of  the  proteins. 
Attempts  are  underway  to  identify  such  differences  by  comparisons  of  two- 
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dimensional  gel  electrophoretic  maps  of  the  CNBr  and  NBS  peptides  of  the 
proteins  obtained  from  normal  and  abnormal  epidermis.   Similar  studies 
on  psoriasis  are  being  undertaken  by  Dr.  John  Cantieri.   Filaments 
assembled  in  vitro  from  psoriatic  epidermis  are  also  abnormal,  and  inter- 
estingly, form  'paracrystalline'  structures  consisting  of  several  fila- 
ments associated  side-by-side  in  an  apparently  ordered  manner.   This 
may  be  due  to  the  presence  of  an  additional  protein  that  perhaps  functions 
like  the  basic  protein  (see  item  9  below) ,  or  may  be  a  feature  charac- 
teristic of  the  filament  proteins  of  psoriatic  epidermis.   Studies  are 
underway  to  characterize  this  phenomenon  further. 

6)  Normal  mouse  epidermal  cells  grown  in  monolayer  culture  can  be  made 
to  synthesize  the  normal  complement  of  keratin  polypeptides.   These  pro- 
teins have  been  isolated  and  characterized  by  standard  protein  chemical 
techniques  as  done  earlier  with  the  bovine  proteins.   The  reason  why  the 
mouse  keratins  are  also  being  studied  is  that  this  cell  culture  system 
is  currently  being  used  for  studies  of  in  vitro  carcinogenesis.   The 
modulations  of  normal  functions  of  these  cells  by  carcinogens  during 
transformation  are  being  studied.   Since  the  keratins  are  the  principal 
synthetic  products  of  the  cells,  they  will  be  used  as  specific  markers 
for  the  studies  on  carcinogenesis.   To  this  end,  a  specific  radioimmune 
assay  has  been  developed  to  follow  the  changes  occurring  during  carcino- 
genesis.  Preliminary  experiments  have  revealed  marked  alterations  in 
the  synthesis  of  the  keratin  proteins  during  treatment  with  carcinogens 
such  as  TPA  and  other  growth  effectors  such  as  vitamin  A. 

7)  The  synthesis  of  the  keratin  filament  subunits  by  the  mouse  epidermal 
cells  implies  the  presence  within  the  cells  of  the  complete  protein  bio- 
synthetic  apparatus,  and  this  system  is  therefore  potentially  very  useful 
for  studying  control  of  differentiation  in  the  epidermis.   This  is  of  im- 
portance as  there  are  a  number  of  diseases  of  the  epidermis  which  may  be 
attributed  to  disorders  of  the  dif ferentiative  process  of  the  tissue. 
Polyribosomes  of  the  size  necessary  to  synthesize  the  keratins  can  be 
isolated  and  attempts  are  underway  to  isolate  the  messenger  RNA  responsible 
for  their  synthesis. 

8)  In  collaboration  with  Dr.  R.D.  Goldman,  Carnegie-Mellon  University, 
Pittsburgh,  it  has  been  shown  that  the  lOnm  filaments  of  a  variety  of  epi- 
thelial and  mesenchymal  cell-types  grown  in  culture  are  morphologically 
very  similar  to  epidermal  keratin  filaments,  and  interestingly,  also 
possess  a  three-chain  unit  that  is  structurally  identical  to  that  of 
keratin  filaments.   Partial  specific  cleavage  of  purified  10  nm  filament 
subunits  and  bovine  epidermal  keratin  subunits  indicate  that  the  subunits 
are  all  distinctly  different,  but  they  are  structurally  very  similar. 
Such  studies  have  permitted  the  construction  of  subunit  domain  maps  that 
show  two  regions  of  a-helix  of  M  13,000  on  each  subunit,  interspersed  by 
regions  of  a  non-a-helix  that  vary  in  size  between  different  subunits. 
Most  of  these  studies  have  been  done  with  the  10  nm  filaments  of  BHK-21 
cells  since  these  are  readily  available  in  large  quantities,  but  similar 
comparative  work  is  also  planned  or  underway  with  the  filaments  of  CHO 
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and  HeLa  cells,  and  the  neurofilaments  isolated  from  cattle  brain  and 
squid  giant  axons.   Since  all  of  these  filaments  are  basically  very 
similar  (although  subtlely  different),  it  is  perhaps  not  surprising  that 
combinations  of  subuntis  from  different  sources  also  from  native-type 
filaments  in  vitro.   Hybrid  filaments  containing  subunits  from  epidermis 
+  fibroblasts,  epidermis  +  smooth  muscle,  bovine  epidermis  +  mouse  epi- 
dermis, etc,  have  been  formed.   A  preliminary  conclusion  from  these  ob- 
servations is  that  perhaps  cells  can  modulate  their  10  nm  filament  com- 
position with  regard  to  specific  functions.   In  support  of  this  idea, 
BHK-21  cells  contain  two  types  of  filament  subunits,  that  characteristic 
of  fibroblasts  and  that  of  muscle  cells,  which  apparently  copolymerize 
in  situ  to  form  a  filament  of  properties  intermediate  between  the  two. 
The  presence  of  10  nm  filaments  in  cells  is  obviously  extremely  important 
and  the  structural  studies  of  this  type  will  provide  insights  into  their 
function. 

9)   In  collaboration  with  Dr.  B.A.  Dale,  University  of  Washington,  Seattle, 
it  has  been  shown  that  a  histidine-rich  protein  isolated  from  rat  epider- 
mis specifically  aggregates  epidermal  keratin  filaments  from  several  spe- 
cies in  vitro  to  form  a  highly-ordered  fiber.   Electron  microscopy  of 
such  fibers  reveals  a  pattern  of  filaments  70-80  A  in  diameter  embedded 
in  a  darker-staining  background,  or  matrix.   This  structure  is  typical  of 
the  "keratin  pattern"  seen  in  the  fully-differentiated  stratum  corneum  of 
the  epidermis.   This  suggests  strongly  that  the  basic  protein  is  the 
matrix  protein  of  epidermis.   Our  work  constitutes  the  first  real  evidence 
for  and  demonstration  of  the  role  of  a  matrix  protein  in  the  epidermis. 
The  interaction  between  the  basic  protein  and  filaments  is  highly  specific 
since  other  fibrous  proteins  do  not  form  the  ordered  structures.   There- 
fore, there  are  structural  features  unique  to  keratin  filaments  which 
recognize  the  basic  protein.   One  practical  limitation  of  such  studies 
has  been  the  difficulty  in  isolation  of  the  basic  protein.   In  an  effort 
to  resolve  this,  we  have  developed  a  very  simple  method  for  isolating 
large  quantities  of  the  similar  protein  from  mouse  epidermal  stratum 
corneum  which  functions  in  the  same  way  as  the  rat  protein.   Its  chemical 
and  functional  properties  will  now  be  studied  in  detail.   Studies  on  the 
interaction  between  the  basic  protein  and  defined  fragments  of  filaments 
and  filament  subunits  (identified  in  paragraphs  2  and  3  above)  are  under- 
way to  characterize  the  nature  and  specificity  of  the  associations  between 
these  two  components  in  the  epidermis.   Interestingly,  in  certain  diseases 
of  the  epidermis  involving  abnormal  keratinization,  such  as  psoriasis, 
the  amount  of  the  basic  protein  is  greatly  diminished  from  normal.   There 
may  be  a  relationship  between  the  absence  of  the  basic  protein  and  presence 
of  abnormal  keratin  filaments  which  could  provide  important  information  on 
the  disease  itself.   Recently,  it  was  demonstrated  that  this  basic  pro- 
tein also  aggregates  the  intermediate  filaments  from  all  sources  so  far 
examined.   Presumably  the  basic  protein  recognises  structural  features 
common  to  keratin  and  intermediate  filaments.   Studies  are  underway  to 
determine  the  physiological  significance  of  this  result;  for  example  it 
is  not  yet  known  whether  the  basic  protein  is  present  in  fibroblasts  etc. 
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Significance  to  Cancer  Research: 

The  epidermis  offers  a  unique  opportunity  for  the  study  of  tumors  not 
only  because  of  the  quantitative  importance  of  this  tissue  but  also  be- 
cause of  its  accessibility.   One  of  the  major  problems  in  studying  malig- 
nancies of  the  epidermis  has  been  the  lack  of  suitable  biochemical  markers. 
The  keratin  filaments  are  the  most  prominent  intracellular  components  of 
all  epidermal  cells  and  therefore  a  study  of  their  chemistry,  structure 
and  biosynthesis  in  both  normal  and  abnormal  epidermis  will  be  of  pro- 
found importance  in  studying  tumors  in  this  tissue.   The  production  of 
the  keratin  subunits  in  a  well  defined  cell  culture  system  will  facilitate 
studies  of  carcinogenesis  in  vitro. 

Proposed  Course  nf  Prnjprt: 

Studies  on  the  abnormal  (benign  and  malignant)  tissues  will  be  done  in 
collaboration  with  Dr.  Gary  Peck  and  Dr.  John  Cantieri.  The  cell  culture 
studies  will  be  done  in  the  Experimental  Pathology  Branch  in  collaboration 
with  Dr.  Yuspa.  The  biochemical,  biophysical  and  electron  microscopic 
studies  of  the  structure  of  normal  epidermal  keratin  filaments  will  be 
done  in  this  laboratory.  Collaborative  efforts  with  Drs .  R.D.  Goldman 
and  B.A.  Dale  will  continue  in  the  areas  defined  above. 

Publications : 

1.  Steinert,  P.M.,  Dale,  B.A.  and  Holdbrook,  K.A. :   An  epidermal  matrix 
protein.   In  Fibrous  proteins:   Scientific,  Industrial  and  Medical  Aspects, 
(Parry,  D.A.D.  and  Creamer,  L.K.,  eds.),  Vol.  2,  pp.  177-184,  1980, 
Academic  Press  Inc.,  London. 

2.  Steinert,  P.M.,  Starger,  J. A.  and  Goldman,  R.D.:   Homologous  struc- 
tures of  10  nm  filaments  and  mammalian  keratin  filaments.   In  Fibrous 
proteins:   Scientific,  Industrial  and  Medical  Aspects,  (Parry,  D.A.D.  and 
Creamer,  L.K.  eds.),  Vol.  2,  pp.  227-236,  1980,  Academic  Press  Inc., 
London. 

3.  Steinert,  P.M.  and  Idler,  W.W.  (1979).   Postsynthetic  modifications 
of  epidermal  a-keratin.   Biochemistry,  18,  5664-5669. 

4.  Yuspa,  S.H.,  Poirier,  M.C.,  Harness,  J.R.,  Olsom,  D.R.  and  Steinert, 
P.M.   Specific  quantitation  of  mouse  and  human  keratin  proteins  by  radio- 
immunoassay.  Biochem.  J.   187,  281-284,  1980. 

5.  Steinert,  P.M.,  Idler,  W.W.  and  Wantz,  M.L.:   Characterization  of  the 
keratin  proteins  unique  to  bovine  snout  epidermis.   Biochem.  J. ,  in  press, 
1980. 
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6.  Steinert,  P.M.,  Peck,  G.L.  and  Idler,  W.W.   Structural  changes  of 
human  epidermal  a-keratin  in  disorders  of  keratinization.   In  Biochem- 
istry of  Normal  and  Abnormal  epidermal  differentiation,  (Bernstein,  I. A. 
and  Seiji,  M.  ,  eds . ) ,  Tokyo  University  Press,  in  press,  1980. 

7.  Cabral,  F. ,  Gottesman,  M.M. ,  Zimmerman,  S.B.  and  Steinert,  P.M.   A 
comparison  of  the  proteins  which  form  intermediate  filaments  in  Chinese 
Hamster  Ovary,  Baby  Hamster  Kidney  and  Mouse  Epidermal  Cells.   J.  Biol. 
Chem.   in  press,  1980. 

8.  Steinert,  P.M.,  Idler,  W.W.  and  Goldman,  R.D.:   Intermediate  fila- 
ments of  Baby  Hamster  Kidney  cells  and  epidermal  keratinocytes  have 
similar  ultrastructures  and  subunit  domain  structures.   Proc.  Natl.  Acad. 
Sci.  U.S.,  in  press,  1980. 

9.  Steinert,  P.M.  and  Goldman,  R.D.:   Hybrid  intermediate  filaments. 
Proc.  Natl.  Acad.  Sci.  U.S.,  in  press,  1980. 
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are'  associated  with  so-called  autoimmune  phenomena.   We  have  identified  and  char- 
acterized serum  and  in  vivo  bound  antibodies  in  these  diseases.   Our  efforts  have 
centered  around  the  mechanisms  of  tissue  destruction  ""raBtructure .  «*  ££ra- 
structural  localization  of  antibodies.   Gastrointestinal  abnormalities,  similar 
to  those  seen  in  gluten  sensitive  enteropathy,  occur  in  dermatitis  herpetiformis 
and  are  under  active  study.   Immunogenetic  considerations  with  regard  to  HLA 
associations  and  the  identification  of  specific  B-lymphocyte  antigens  have  pro- 
vided tools  to  study  the  triggering  mechanisms  involved  in  the  early  stages  of  an 
abnormal  immune  response.   Another  major  effort  is  the  study  of  the  role  of  Lan- 
gerhans  cells  in  inflammatory  and  immunologically  mediated  reactions.   We  have 
also  idenTified  the  origin  of  this  cell  which  probably  represents  the  peripheral 
most  limb  of  the  immune  response  in  the  skin.   Identification  and  functional 
characterization  of  alloantigens  on  epidermal  cells  and  of  basement  membrane 
constituents  are  other  integral  parts  of  the  overall  program. 
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Project  Description: 
Objectives : 

1)  To  investigate  the  mechanisms  involved  in  the  expression  of  certain 
immunologic  skin  diseases,  namely  pemphigus,  bullous  pemphigoid,  derma- 
titis herpetiformis  and  herpes  gestationis. 

2)  To  determine  the  cell  surface  characteristics  of  the  lymphocytes  and 
epidermal  cells  involved  in  these  diseases. 

3)  To  determine  whether  or  not  genetic  factors  are  important  in  the  de- 
velopments of  these  diseases. 

4)  To  determine  the  ultrastructure  and  ultrastructural  localization  of 
antibodies  in  blistering  skin  diseases. 

5)  To  better  understand  the  distribution  of  collagen  types  in  human 
skin  and  to  characterize  the  chemical  constituents  of  the  basement  mem- 
brane zone . 

6)  To  determine  the  functional  capabilities  of  la-bearing  epidermal  cells 
(Langerhans  cells)  in  mice,  guinea  pigs,  and  humans  as  these  cells  prob- 
ably play  an  integral  role  in  antigen  presentation  and  in  allogeneic  T 
cell  activation. 

Material : 


Skin  biopsies,  either  punch  of  Castroviejo  keratome  slices  are  used. 
Also  the  small  intestine  of  patients  with  dermatitis  herpetiformis  are 
studied  in  order  to  determine  their  antigen  binding  characteristics. 
Blister  fluid  studies  for  inflammatory  mediators  are  also  under  investi- 
gation.  Guinea  pigs,  mice  and  rabbits  are  used  for  the  identification  of 
lymphocyte  and  epidermal  cell  surface  antigens  as  well  as  for  the  produc- 
tion of  antibodies.   Mouse  skin  is  used  to  prepare  epidermal  cell  suspen- 
sions which  are  used  for  sensitization. 

Methods  Employed : 

Direct  and  Indirect  Immunofluorescence,  Cell  Mediated  Cytotoxicity,  Im- 
munochemical methods  for  identifying  immunoglobulins  and  immune  complexes. 
Radioimmunoassays.   Mixed  leukocyte  cultures  and  in  vitro  antigen  priming 
studies.   Delayed  type  hypersensitivity  reactions  including  contact  hy- 
persensitivity. 

Major  Findings: 

1)  76  of  78  patients  with  dermatitis  herpetiformis  have  in  vivo  bound 
IgA  and  various  complement  components  in  their  skin. 

2)  The  exact  location  of  these  antibodies  has  been  sought  and  found  to 
localize  ultrastructurally  in  1)  clumps  in  the  dermis,  2)  associated  with 
anchoring  fibrils  in  the  dermis  or  3)  within  the  lamina  lucida  of  the 
basement  membrane.  ,,„, 
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3)  The  early  ultrastructural  destruction  of  the  skin  in  these  patients 
has  been  demonstrated  to  correlate  well  with  the  antibody  localization. 

4)  Almost  all  patients  with  dermatitis  herpetiformis  have  morphologic 
and  enzymatic  evidence  of  gastrointestinal  abnormalities  very  similar  to 
those  seen  in  patients  with  gluten-sensitive  enteropathy. 

5)  In  some  patients  it  is  possible  to  not  only  reverse  the  gastrointes- 
tinal abnormalities  but  to  reduce  or  completely  eliminate  their  require^ 
ment  for  sulfones  by  strict  adherence  to  a  gluten-free  diet. 

6)  85%  of  76  patients  with  immunologically  proven  dermatitis  herpeti- 
formis have  HLA-B8  as  compared  to  20%  of  controls. 

7)  All  patients  with  dermatitis  herpetiformis  have  a  specific  antigen 
on  their  B-lymphocytes.  This  antigen  is  present  in  a  small  percentage 
of  the  normal  population. 

8)  Sulfones  dramatically  benefit  patients  with  erythema  elevatum  diu- 
tinum. 

9)  By  studying  twelve  patients  with  herpes  gestationis  with  immunologic 
methods  we  have  been  able  to  identify  the  serum  factor  responsible  for 
deposition  complement  at  the  skin  basement  membrane  zone,  the  site  of 
earliest  destruction.   Also,  by  reviewing  our  own  and  other  reports,  it 
is  apparent  that  herpes  gestationis  is  associated  with  increased  fetal 
morbidity  and  mortality. 

10)  Ultrastructural  localization  of  complement  correlates  well  with  the 
earliest  destruction  seen  in  the  electron  microscope  in  herpes  gestationis 
and  further  strengthens  the  concept  that  immunologic  mechanisms  play  an 
important,  if  not  essential,  role  in  the  pathophysiology  of  this  disease. 

11)  The  sera  of  patients  with  vitiligo  associated  with  multiple  endo- 
crinopathies  contain  antibodies  to  melanin  producing  cells. 

12)  Langerhans  cells  which  comprise  a  small  population  of  guinea  pig 
epidermal  cells,  bear  C3  and  Fc  receptors  as  well  as  alloantigens  which 
are  la  associated.   The  la  antigens  can  be  detected  by  using  a  combined 
rosetting  and  indirect  immunof luorescent  assay  which  was  developed  by 
us. 

13)  Langerhans  cells  have  the  ability  to  stimulate  a  mixed  leukocyte 
reaction  and  have  the  capability  to  present  antigen  to  sensitized  lym- 
phocytes in  vitro. 

14)  The  sera  of  patients  with  relapsing  polychondritis  contain  anti- 
bodies to  type  II  collagen. 
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15)  Type  IV  collagen  is  localized  to  the  basal  lamina  of  skin. 

16)  Laminin,  a  non  collagenous  glycoprotein,  is  localized  to  the  lamina 
lucida  of  the  basement  membrane. 

17)  Langerhans  cells  are  the  only  epidermal  cells  in  mice  to  bear  Fc-IgG 
receptors  and  express  la  antigens.   This  had  been  a  disputed  point  for 
many  years. 

18)  Langerhans  cells  are  derived  from  bone  marrow  precursor  cells. 

19)  In  vivo  studies  indicate  that  Langerhans  cells  play  an  integral  role 
in  the  induction  of  contact  hypersensitivity. 

20)  Ultraviolet  light  irradiation  affects  the  antigen  presenting  func- 
tion of  LC  in  such  a  way  so  that  when  UV  irradiated  Langerhans  cells  are 
irradiated  and  then  injected  subcutaneously,  they  induce  a  state  of 
specific  immunological  tolerance. 

Significance  to  Cancer  Research: 

A  basic  understanding  of  immunologic  injury  in  various  autoimmune  disease 
states  is  important  in  interpreting  and  furthering  current  concepts  in 
self-recognition.   Pemphigus  is  associated  with  thymoma  and  myasthemia 
gravis  and  its  study  may  provide  a  clue  as  to  the  association  between  pem- 
phigus and  other  malignancies.   Our  in  depth  studies  of  herpes  gestationis, 
an  immunologic  blistering  disease  of  pregnancy,  may  provide  important  clues 
to  maternal-fetal  interactions.   Studies  are  underway  to  determine  whether 
there  is  an  association  between  dermatitis  herpetiformis,  gluten  sensitive 
enteropathy  and  cancer. 

Proposed  Course  of  Project: 

Outlined  above. 
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Oral  13-cis-retinoic  acid  was  effective  in  the  treatment  of  skin  cancer, 
and  a  variety  of  disorders  of  keratinization  (lamellar  ichthyosis,  Darier's 
disease,  pityriasis  rubra  pilaris) ,  and  cystic  acne.   An  oral  synthetic  aro- 
matic derivative  of  retinoic  acid  (RO-10-9359)  was  similarly  tested  and  found 
to  be  more  effective  and  less  toxic  than  13-cis-retinoic  acid  in  the  treatment 
of  the  disorders  of  keratinization.   A  topical  synthetic  aromatic  retinoid 
(Ro-11-1430)  was  listed  in  a  double-blind  manner  against  placebo  cream  and  found 
to  be  ineffective  in  the  treatment  of  disorders  of  keratinization.   A  high 
initial,  low  maintenance  dosage  schedule  of  13-cis-retinoic  acid  was  found  to 
be  comparably  effective  but  less  productive  of,  toxicity  than  previously  used 
continuous  high-dosage  schedules  in  the  treatment  of  cystic  acne. 
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Project  Description: 

Objectives : 

To  evaluate  safety  and  effectiveness  of  new  oral  and  topical  agents  par- 
ticularly the  synthetic  retinoids,  in  the  treatment  of  skin  cancer,  dis- 
orders of  keratinization  and  cystic  acne. 


Agents: 


1)  13-cis  retinoic  acid,  10,  20  and  40  mg  capsules 

2)  An  ethyl  ester  of  a  trimethylmethoxyphenyl  derivative  of  retinoic 
acid  (RO-10-9359)  10,  25  and  50  mg  capsules. 

3)  An  ethylamide  of  a  tremethylmethoxyphenyl  derivative  of  retinoic 
acid  (RO-11-1430)  in  0.10%  and  0.3%  creams. 

Materials : 

1)  Keratinizing  Dermatoses 

A  Ichthyosis 

a)  lamellar  ichthyosis 

b)  X-linked  ichthyosis 

c)  ichthyosis  vulgaris 

d)  epidermolytic  hyperkeratosis 

e)  non-bullous  congenital  ichthyosif orm  erythroderma 
B  Darier's  disease 

C  Psoriasis 

D  Keratoderma  palmaris  et  plantaris 

E  Pityriasis  rubra  pilaris 

F  Nevus  comedonicus 

G  Erythrokeratodermia  variabilis 

H  Netherton's  syndrome 

I  Hailey-Hailey  disease 

J  Lichen  planus 

K  Pachyonychia  congenita 

2)  Basal  cell  carcinoma 

A  Nevoid  basal  cell  carcinoma  syndrome 

B  Sunlight  induced  basal  cell  carcinomas 

C  Arsenical  induced  basal  cell  carcinomas 

D  X-ray  induced  carcinomas 

3)  Cystic  and  Conglobate  acne  and  hidradenitis  suppuritiva 

Methods  Employed: 

1)   Disorders  of  Keratinization 

a)  Oral  13-cis  retinoic  acid  was  given  for  4  month  courses  of  therapy 
at  1  mg/kg/day.  The  dose  was  gradually  increased  (up  to  8  mg/kg/day) 
to  tolerance. 
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b)  Oral  RO-10-9359  was  also  given  for  4  month  courses  of  therapy 
beginning  at  0.5  mg/kg/day.   The  dose  was  increased  up  to  1.5  mg/kg/ 
day  or  to  tolerance. 

c)  Topical  RO-11-1430  cream,  0.1%,  was  given  in  a  double-blind 
manner  versus  placebo  to  9  patients  with  disorders  of  keratinization. 
Therapy  was  given  twice  daily  for  4  or  8  weeks  without  occlusion 

and  then  for  an  additional  4  or  8  weeks  with  plastic  occlusion. 

3)   Cystic  acne 

a)  Patients,  16  years  and  older,  with  at  least  10  cystic  lesions 
were  treated  with  oral  13-cis  retinoic  acid  in  an  initial  pilot 
study  (14  patients)  or  in  a  double-blind,  randomized  study  against 
placebo  (33  patients)  or  in  a  third  study  testing  a  high  initial 
and  low  maintenance  dosage  schedule  (40  patients) . 

b)  In  the  pilot  study  Oral  13-cis  retinoic  acid  was  given  for  4  month 
courses  of  therapy  beginning  at  1  mg/kg/day.   The  dose  was  gradually 
increased  to  tolerance. 

c)  In  the  double-blind  designed  protocol,  treatment  was  begun  at  a 
dosage  of  0.5  mg/kg/day  and  was  only  increased  if  there  was  a  sig- 
nificant worsening  of  the  disease. 

d)  In  the  "high-low"  study  20  patients  with  predominantly  facial 
acne  were  given  a  high  initial  dose  of  1.0  mg/kg/day  for  either  2 
weeks  or  4  weeks  and  then  were  given  a  low  maintenance  dose  of  0.25 
mg/kg/day  for  the  remainder  of  a  16  week  treatment  period.   Similar- 
ly, 20  patients  with  predominantly  trunk  acne  received  a  high  ini- 
tial dose  of  2.0  mg/kg/day  for  either  2  or  4  weeks  followed  by  a  low 
maintenance  dose  of  0.5  mg/kg/day  for  the  remainder  of  the  16  week 
course  of  therapy. 

Major  Findings: 

1.   14  patients  with  treatment-resistant  cystic  and  conglobate  acne  was 
treated  for  4  months  with  oral  13-cis-retinoic  acid,  a  synthetic  isomer 
of  naturally  occurring  all-trans-retinoic  acid.   The  average  maximum  dose 
received  was  2.0  mg/kg/day.   13  patients  experienced  complete  clearing  of 
their  disease;  the  other  had  75%  improvement,  as  determined  by  the  number 
of  acne  nodules  and  cysts  present  before  and  after  therapy.   Prolonged 
remissions,  currently  lasting  an  average  of  34  months  after  discontinuation 
of  therapy,  ha3ze_been  observed  in  all  14  patients.   One  patient  developed 
2  lesions  12  months  after ^discontinuation  of  therapy.   Therapy  was  re- 
sumed in  his  case  and  he  is  once  again  free  of  disease.   No  other  patient 
has  required  or  been  given  additional  therapy.   The  mechanism  of  action 
of  13-cis-RA  in  the  therapy  of  acne  probably  involves  a  direct  inhibitory 
effect  of  the  drug  on  the  sebaceous  gland.   Evidence  for  this  inhibitory 
effect  comes  from  3  skin  biopsies  of  forehead  skin  during  therapy  which 
demonstrated  a  marked  reduction  in  size  of  the  sebaceous  gland,  and  from 
forehead  skin  surface  lipid  film  analyses  which  indicated  sebaceous  gland 
inhibition  by  significantly  lower  levels  of  squalene  and  wax  esters 
during  therapy.   Additionally,  there  was  an  average  84%  decrease  in  mean 
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forehead  sebum  production  as  compared  to  pre-treatment  values.   There 
was  a  complete  return  to  pre-treatment  values  after  discontinuation  of 
therapy  in  the  sebum  composition  studies  but  only  a  partial  return  to 
normal  of  sebum  production. 

2.  A  study  comparing  13-cis-RA  at  an  initial  dose  of  0.5  mg/kg/day  versus 
placebo  in  a  double-blind  format  in  the  treatment  of  cystic  and  conglo- 
bate acne  has  been  completed.   17  patients  who  initially  received  placebo 
worsened  to  the  point  where  the  double-blind  code  was  broken  and  treat- 
ment with  13-cis-RA  was  begun.   There  was  an  overall  57%  increase  in  the 
number  of  cystic  lesions  in  this  group.   16  of  these  17  patients  then  re- 
ceived 13-cis-RA  with  a  resultant  97%  improvement.   An  additional  17 
patients  who  had  been  randomly  assigned  to  receive  initial  therapy  with 
13-cis-RA  had  an  overall  96%  reduction  in  number  of  nodules  and  cysts. 
There  were  an  average  of  46  nodules  and  cysts  before  treatment,  and  2 
afterwards.   The  average  maximum  dose  of  13-cis-RA  received  by  all  33 
patients  was  1.2  mg/kg/day,  or  90  mg/day.   22  of  the  33  patients  have 
become  completely  free  of  lesions  and  only  3  patients  have  more  than  3 
lesions  remaining.   Patients  who  responded  rapidly  to  a  low  dose  were  pre- 
dominantly female,  with  facial  lesions,  and  with  an  average  of  27  cysts 
pretreatment .   Slower  responders  requiring  higher  doses  were  predominant- 
ly male,  with  chest  and  back  lesions,  and  with  an  average  of  67  cysts 
pretreatment.   21  patients  received  one  4-month  course  of  therapy;  12 
received  2  courses  after  a  2-month  treatment-free  interval.   4  patients 
who  had  cleared  completely  after  one  course  of  therapy  with  13-cis-RA 

had  mild  relapses  after  4  to  12  months  post-discontinuation.   3  of  these 
4  patients  had  received  only  0.5  mg/kg/day  during  their  initial  course 
of  therapy,  and  all  cleared  completely  with  their  second  course.   All 
other  patients  continue  to  have  prolonged  remissions  ranging  from  19  to 
26  months,  average  of  22.   These  results  indicate  that  the  beneficial 
therapeutic  response  is  not  a  placebo  effect,  that  0.5  mg/kg/day  is  an 
effective  dose  particularly  for  facial  lesions  and  is  also  productive  of 
the  common  side  effects.   Higher  doses  are  frequently  required  for  con- 
trol of  chest  and  back  lesions.   Continued  healing  after  discontinuation 
of  therapy  indicates  that  lower  doses  or  alternate  dosage  schedules  may 
also  be  effective. 

3.  In  the  1.0  mg/kg/day  for  2  weeks  group  there  was  an  overall  60%  re- 
duction in  cysts  at  the  end  of  the  16  week  period  with  an  85%  reduction 
of  facial  cysts,  in  particular.   In  the  1.0  mg/kg/day  for  4  weeks  group 
there  was  an  overall  76%  improvement  with  an  85%  response  on  the  face. 
In  the  2.0  mg/kg/day  for  2  weeks  group  there  was  an  overall  83%  improve- 
ment at  the  first  post-treatment  follow  up  visit  with  a  95%  improvement 
on  the  face,  77%  on  the  chest,  and  79%  on  the  back.   In  the  2.0  mg/kg/ 
day  for  4  weeks  group  there  was  an  overall  77%  improvement  with  a  95% 
improvement  on  the  face,  77%  on  the  chest,  and  63%  on  the  back.   There 
were  insufficient  numbers  of  patients  in  the  1.0  mg/kg/day  groups  reach- 
ing the  first  post-treatment  follow  up  visit  to  give  meaningful  data  for 
that  point.   Both  1.0  mg/kg/day  groups  had  temporary,  slight  increases 
in  numbers  of  observed  cysts  during  the  first  2  weeks  of  therapy,  where 
as  the  2.0  mg/kg/day  groups  did  not.   We  conclude  that  for  most  patients, 
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especially  for  facial  lesions,  2.0  mg/kg/day  for  2  weeks  is  the  optimal 
high  initial  dosage.   In  some  patients  with  back  acne,  the  high  initial 
dose  of  2.0  mg/kg/day  may  have  to  be  prolonged  beyond  2  or  even  4  weeks. 
The  observed  toxicity  during  the  initial  high  dose  periods  was  similar 
to  our  other  studies.   However,  once  the  low  maintenance  dose  was  begun 
there  was  a  marked  reduction  initially  in  severity  of  toxicity  and  later 
in  incidence.   We  conclude  that,  except  for  a  few  patients  with  compara- 
tively resistant  back  acne,  the  high-low  dosage  schedule  is  comparable 
in  effectiveness  to  the  continuous  high  dosage  schedule  of  previous 
studies  but  is  superior  in  minimizing  the  incidence  and  severity  of  ob- 
served toxicities. 

4.  12  patients  with  multiple  basal  cell  carcinomal  induced  by  sunlight, 
X-ray,  arsenic,  or  the  nevoid  basal  cell  carcinoma  syndrome  were  treated 
with  oral  13-cis-retinoic  acid.   Of  270  tumors,  43  (16%)  underwent  com- 
plete clinical  regression.   Twenty-one  of  35  of  these  tumors  when  biop- 
sied after  treatment  were  found  to  be  gone  microscopically  as  well. 
Correlation  of  therapeutic  response  with  tumor  size  revealed  that  19  of 
83  (23%)  tumors  3-5  mm  in  diameter  and  18  of  99  (18%)  tumors  6  to  10  mm 
in  diameter  underwent  complete  clinical  regression,  whereas  only  6  of  88 
(7%)  tumors  11  mm  or  greater  in  diameter  responded  completely.   Of  the 
remaining  tumors,  173  (64%)  decreased  in  size  and  54  (20%)  were  unchanged. 
Average  maximum  dosage  in  this  group  of  12  patients  was  4.6  mg/kg/day 
with  a  range  of  1.5  to  8.2  or  370  mg/day  with  a  range  of  120  to  660  mg/day. 
Duration  of  treatment  varied  from  16  to  96  weeks  with  an  average  of  56. 
Four  patients  had  been  sensitized  and  treated  with  DNCB  six  years  pre- 
viously.  Three  of  these  4  patients  developed  a  marked  inflammatory  res- 
ponse in  most  tumors  during  therapy  with  oral  13-cis-retinoic  acid.   Two 
of  the  other  8  non-DNCB  exposed  patients  developed  inflammation  in  a  few 
of  their  tumors.   However,  there  was  no  difference  in  the  final  therapeu- 
tic response  between  these  two  subgroups  with  21/109  (19%)  tumors  com- 
pletely regressing  in  the  DNCB  treated  group  and  22/161  (14%)  in  the  DNCB 
unexposed  group.   Histologically,  a  dense  small  cell  infiltrate  was  seen 
in  tumors  undergoing  inflammation,  suggesting  that  13-cis-RA  could  either 
be  enhancing  a  host  immunologic  response  or  be  producing  a  direct  cyto- 
toxic effect  on  the  tumor.   However,  in  7  of  17  (41%)  non-inflammatory 
regressing  tumors  biopsied  during  treatment  islands  of  squamous  differ- 
entiation with  horn  pearl  formation  were  observed  with  progression  in 
some  islands  to  complete  replacement  of  tumor  cells  by  the  completely 
differentiated  horn  pearl.   In  tumors  biopsied  prior  to  treatment,  only 

14  of  85  (16%)  showed  evidence  of  keratinization.   This  data  is  consis- 
tent with  an  enhancement  of  epidermal  differentiation  by  13-cis-RA. 

5.  57  patients  with  cutaneous  disorders  of  keratinization  were  treated 
with  oral  13-cis-retinoic  acid,  an  oral  synthetic  retinoid  from  Hoffman- 
La  Roche,  Inc.,  Nutley,  New  Jersey.   Diseases  included  Darier's  disease 
(DD)  (9  patients),  lamellar  ichthyosis  (LI)  (10),  psoriasis  (PSOR)  (9), 
pityriasis  rubra  pilaris  (PRP)  (5) ,  keratoderma  palmaris  et  plantaris 
(KPP)  (4) ,  epidermolytic  hyperkeratosis  (EHK)  (4) ,  non-bullous  congenital 
ichthyosiform  erythroderma  (NBCIE)  (3),  x-linked  ichthyosis  (XLI)  (3), 
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Hailey-Hailey  (HH)  (2),  lichen  planus  (LP)  (2),  and  1  each  with  a  variant 
form  of  NBCIE,  erythrokeratodermia  variabilis  (EKV) ,  pachyonychia  congen- 
ita (PC),  ichthyosis  vulgaris  (IV),  Netherton's  syndrome  (NS) ,  and  poro- 
keratosis (PORO) .   The  patients  ranged  in  age  from  4  to  82  years.   The 
dosage  varied  from  0.5  to  8.2  mg/kg/day,  the  duration  of  treatment  varied 
from  1  week  to  96  weeks.   The  average  maximum  dosage  was  160  mg/day  or 
2  mg/kg/day.   Treatment  was  given  in  16  week  courses  of  therapy  with 
intervening  8  week  treatment-free  intervals.   Good  or  excellent  responses 
were  seen  in  DD  (7),  LI  (8),  NBCIE  (3),  PSOR  (4),  KPP  (2),  EKV  (1),  and 
IV  (1).   Partial  responses  were  observed  in  EHK  (3),  PRP  (2),  LI  (1),  DD 
(2),  KPP  (1),  PC  (1),  variant-NBCIE  (1).   Patients  showing  minimal  or  no 
response  included:   PSOR  (5),  XLI  (3),  LP  (2),  HH  (2),  NS  (1),  EHK  (1), 
PRP  (1) ,  KPP  (1) .   One  patient  with  PORO  and  one  with  LI  stopped  treat- 
ment within  one  week  before  a  therapeutic  evaluation  could  be  made.   The 
mechanism  by  which  this  synthetic  retinoid  alters  these  disease  states 
is  not  known  but  may  be  related  to  the  observed  ability  of  vitamin  A  to 
affect  epithelial  differentiation.   The  observed  variation  in  therapeutic 
response  could  be  related  to  the  presence  or  absence  of  specific  retinoid 
binding  proteins.   Our  results  indicate  that  synthetic  retinoids,  such  as 
13-cis=RA,  may  represent  a  potent  new  class  of  drugs  in  the  treatment  of 
cutaneous  disorders  of  keratinization,  several  of  which  were  previously 
treatment-resistant . 

6.  75  patients  with  cutaneous  disorders  of  keratinization  were  treated 
with  Ro-10-9359,  an  oral  synthetic  aromatic  retinoid  from  Hoffman-La 
Roche,  Inc.,  Nutley,  New  Jersey.   This  retinoid  is  an  ethyl  ester  of  a 
trimethyl-methoxyphenyl  derivative  of  retinoic  acid.   Diseases  included 
DD  (18),  PSOR  (23),  PRP  (10),  LI  (6),  EHK  (4),  IV  (3),  KPP  (2),  variant- 
NBCIE  (2),  NBCIE  (1),  Kyrle's  disease  (1),  PC  (1),  HH  (1),  PORO  (1),  and 
LP  (1).   The  average  maximum  dosage  was  86  mg/day  or  1.2  mg/kg/day. 
Treatment  was  given  in  16  week  courses  of  therapy  with  8  week  treatment- 
free  intervals.   Good  or  excellent  responses  were  seen  in  PSOR  (8),  DD 
(7),  PRP  (4),  LI  (3),  IV  (2),  KPP  (1),  NBCIE  (1),  and  EKV  (1).   Moderate 
responses  included:   PSOR  (15),  DD  (11),  PRP  (6),  LI  (3),  EHK  (4),  IV 
(1),  KPP  (1),  variant-NBCIE  (2),  and  Kyrle's  (1).   Minimal  responses  were 
noted  in  one  patient  with  PORO,  the  lingual  lesions  of  PC  (1) ,  and  the 
oral  lesions  of  LP  (1) .   Worsening  was  observed  in  HH  (1) .   Response  to 
therapy  was  initially  variable  in  psoriasis.   12  patients  worsened  for 

8,  12,  or  even  16  weeks  of  therapy  and  then  improved;  11  other  patients 
with  psoriasis  improved  immediately.   All  other  patients  with  responsive 
diseases  improved  immediately  upon  beginning  therapy.   Ro-10-9359  is 
clearly  superior  to  13-cis-retinoic  acid  in  the  treatment  of  psoriasis, 
IV,  KPP,  and  EHK. 

7.  9  patients  with  disorders  of  keratinization  were  treated  with  topical 
RO-11-1430  cream,  0.1%,  in  a  double-blind  manner  against  placebo.   Dis- 
eases included  PSOR  (3),  KPP  (2),  LI  (2),  EHK  (1),  and  variant-NBCIE  (I). 
7  patients  received  4  weeks  of  therapy  without  occlusion;  2  received  8 
weeks.   7  patients  subsequently  received  4  weeks  of  therapy  with  plastic 
occlusion;  2  received  8  weeks.   In  6  patients  neither  the  placebo  nor 
retinoid  creams  led  to  improvement.   In  3  patients  both  the  placebo  and 
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retinoid  cream  treated  sites  showed  improvement  indicating  either  a 
beneficial  effect  of  the  vehicle  or  an  overall  seasonal  improvement  in 
the  patients  disease.   No  patient  exhibited  a  preferential  beneficial 
effect  of  the  retinoid  cream.   No  systemic  or  local  toxicities  were 
observed.   These  results  indicate  that  either  Ro-11-1430  is  ineffective 
or  that  the  0.1%  concentration  is  inadequate. 

8.   Common  side  effects  in  most  patients  treated  with  these  retinoids 
were  limited  to  the  skin  and  mucous  membranes  and  included  cheilitis, 
facial  dermatitis,  conjunctivitis,  xerosis,  dryness  of  the  nasal  mucosa 
with  mild  nosebleeds,  and  easy  peeling  of  the  stratum  corneum  upon  trauma 
termed  "skin  fragility".   Aside  from  skin  fragility,  the  above  side 
effects  were  either  more  common  or  more  severe  during  treatment  with  13- 
cis-RA  than  with  Ro-10-9359.   However,  there  were  side  effects  that  were 
present  in  higher  incidence  in  patients  treated  with  Ro-10-9359.   These 
include:   skin  fragility,  hair  thinning  (telogen) ,  itching,  palmar  peel- 
ing, dry  mouth  with  thirst,  arthralgias,  "stickiness"  of  the  skin,  and 
paronychia.   Laboratory  abnormalities  during  therapy  are  limited  to  ele- 
vations of  the  erythrocyte  sedimentation  rate,  temporary  low-grade  ele- 
vations of  the  transaminases  in  approximately  10%  of  patients  which 
return  to  normal  values  without  discontinuation  of  therapy,  and  elevations 
of  the  alkaline  phosphatase,  LDH,  and  serum  triglycerides  in  a  few  patient's. 

In  the  "High-Low"  cystic  acne  study  described  in  Methods  employed,  section 
3d,  and  in  Major  Findings,  section  3,  analyses  of  serum  lipids  were  per- 
formed.  In  those  20  patients  initially  receiving  1.0  mg/kg/day  of  13-cis- 
RA,  an  increase  of  20%  in  total  plasma  triglycerides  and  an  increase  of 
6%  in  total  plasma  cholesterol  was  noted  during  therapy  when  compared  to 
pretreatment  values.   In  9  of  these  20  patients  HDL-cholesterol  was 
measured  and  found  to  be  decreased  by  12%  during  therapy.   In  19  of  the 
20  patients  initially  receiving  2.0  mg/kg/day,  the  observed  changes  in 
serum  lipids  during  therapy  as  compared  to  pretreatment  values  were: 
1)  an  increase  of  24  mg/dl  in  LDL-cholesterol,  2)  an  increase  of  5.4  mg/ 
dl  in  VLDL-cholesterol,  3)  a  decrease  of  3.6  mg/dl  of  HDL-cholesterol, 
5)  an  increase  of  25.5  mg/dl  of  total  plasma  cholesterol,  and  5)  an 
increase  of  44.2  mg/dl  of  total  plasma  triglycerides.   All  values  were 
significant  at  levels  of  p  <0.01. 

Comparable  changes  in  serum  lipids  have  been  observed  in  7  patients  with 
psoriasis  treated  with  oral  Ro-10-9359  at  a  maximum  dosage  of  1.0  mg/kg/ 
day. 

In  general,  these  side  effects  are  dose-dependent  in  incidence  and  sever- 
ity, relieved  by  adjunctive  bland  therapies,  well-tolerated  by  the  pa- 
tients, and  totally  reversible  upon  discontinuation  of  therapy. 

Significance  to  Cancer  Research: 

a)   These  are  exploratory  studies  of  a  new  class  of  drugs  (synthetic  reti- 
noids) in  the  treatment  of  skin  cancer.   Skin  cancer  should  prove  to  be 
a  valuable  lesion  for  the  screening  of  these  agents  because  of  tumors  are 
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observable,  measurable,  and  therefore  can  be  used  as  an  objective  indi- 
cator of  response  to  therapy.   Furthermore,  the  patients  can  be  expected 
to  be  in  good  health,  which  would  allow  for  long  term  studies. 

b)   The  profound  beneficial  effect  of  13-cis  retinoic  acid  in  the  treat- 
ment of  acne  and  both  retinoids  in  the  treatment  of  cutaneous  keratinizing 
diseases  indicates  that  other  keratinizing  disorders  of  man,  for  instance, 
preneoplastic  squamous  metaplasia  of  tracheo-bronchial  and  urinary  bladder 
epithelia,  could  be  successfully  treated  with  the  synthetic  retinoids. 
Treatment  of  these  keratinizing  dermatoses  and  acne  may  also  provide  use- 
ful information  in  the  evaluation  of  newer  and  potentially  more  potent 
and  less  toxic  synthetic  retinoids. 

Proposed  Course  of  Project: 

1)  Continued  treatment  of  patients  with  acne,  basal  cell  carcinomas,  and 
disorders  of  keratinization  with  13-cis  retinoic  acid  (Ro-43780) . 

2)  Treatment  of  disorders  of  keratinization  with  topical  Ro-11-1430,  0.3%. 

3)  Continued  treatment  of  disorders  of  keratinization  with  oral  Ro-10-9359. 

Publications : 

1)   Peck,  G.L. :   Retinoids  in  dermatology  -  An  interim  report.   Arch. 
Dermatol.   116:   283-284,  1980. 
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summary  OF  WORK  (200  words  or  less  -  underline  keywords)   Molecular ly  cloned  DNA  of  papilloma 
virus  and  murine  retrovirus  genomes  have  been  used  to  define  the  structural  and 
functional  organization  of  these  viruses.   An  in  vitro  focus  assay  for  bovine 
papilloma  virus  and  its  viral  DNA  has  been  developed  for  two  mouse  cell  lines. 
Using  this  assay,  a  molecular ly  cloned  69%  viral  DNA  fragment  has  been  found 
which  induced  tumorigenic  transformation  of  these  cells.   Using  a  similar  DNA 
infectivity  assay,  the  transforming  (and  p21  src  coding  region)  of  Harvey  murines 
sarcoma  virus  (Ha-MuSV)  has  been  localized  to  a  1.3  kbp  segment  in  the  left 
half  of  the  viral  genome.   The  viral  terminal  repeat  sequence  is  important  for 
"rescue"  of  Ha-MuSV  by  helper-independent  murine  leukemia  virus  (MuLV) .   The 
leukemogenic  activity  of  Friend-MuLV  has  been  localized  to  the  right  halp  of  th{ 
linear  viral  DNA.   The  physical  maps  of  several  endogenous  MuLV  DNAs  have  been 
derived.   They  indicate  that  a  wild  Asian  mouse  and  many  inbred  mice  contain  a 
highly  related  ecotropic  MuLV.   An  ecotropic-specif ic  DNA  probe  has  been  derived 
for  env  gene  sequences.   This  probe  has  been  used  to  show  that  endogenous  ecotrop- 
ic MuLV  DNAs  in  normal  mouse  cells  are  composed  of  a  virtually  complete  copy 

of  the  viral  genome. 
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Project  Description: 
Objectives : 

1)  To  evaluate  the  effect  of  cell  differentiation,  primarily  by  chemical 
or  hormonal  treatment,  on  retrovirus  expression  and  transformation  in 
cells  in  tissue  culture. 

2)  To  evaluate  the  effects  on  hormones  and  other  chemicals  on  endogenous 
and  exogenous  virus  expression. 

3)  To  gain  insight  into  how  the  state  of  differentiation  of  a  cell  regu- 
lates tumor  virus  expression. 

4)  To  study  viral  recombination,  especially  as  it  relates  to  the  develop- 
ment of  sarcoma  viruses. 

5)  To  develop  a  sensitive  quantitative  biologic  assay  of  viral-specific 
DNA  (transfection)  from  C-type  viruses. 

6)  To  determine  the  effect  of  a  variety  of  physical  and  chemical  treat- 
ments of  the  transfecting  ability  of  viral-specific  DNA. 

7)  To  determine  the  physical  differences  between  unexpressed  and  expressed 
endogenous  DNA,  since  transfection  of  expressed  viral  DNA  is  more  easily 
accomplished  than  that  of  unexpressed  viral  DNA. 

8)  To  define  the  smallest  size  of  cellular  DNA  which  can  yield  infectious 
virus  and/or  biologic  activity. 

9)  To  investigate  the  mechanism  of  activation  of  endogenous  C-type 
viruses  by  halogenated  pyrimidines. 

10)  To  determine  if  transfection  by  the  DNA  viral  intermediate  and/or  the 
DNA  provirus  is  sensitive  to  the  murine  cellular  Fv-1  gene,  which  restricts 
the  replication  of  some  classes  of  murine  C-type  viruses. 

11)  To  define  that  the  portion  of  the  sarcoma  virus  genome  which  induces 
cellular  transformation. 

12)  To  utilize  transfection  as  a  method  to  detect  portions  of  viral 
genomes  in  tumors,  including  those  of  human  origin. 

13)  To  develop  a  radioimmune  assay  for  wart  viral  protein(s). 

14)  To  develop  nucleic  acid  hybridization  procedures  for  wart  viral  DNA. 

15)  To  propogate  wart  viruses  in  tissue  culture. 

16)  To  measure  the  relatedness  of  viruses  of  warts  from  different 
patients,  including  those  from  patients  with  epidermodysplasia  verrucifor- 
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mis  (EDV),  laryngeal  papillomas,  condyloma  accuminata,  flat  warts,  common 
warts,  plantar  warts,  and  warts  associated  with  immunodeficiency. 

17)  To  look  for  wart  specific  nucleic  acid  and/or  antigen  in  skin  cancers 
of  EDV,  kerato-acanthomas,  and  other  tumors. 

18)  Relatedness  of  wart  viruses  to  other  papova  viruses. 
Methods : 

1)  Treatment  of  cells  or  animals  with  hormones,  other  chemicals,  and 
tumor  viruses. 

2)  Detection  of  retrovirus  expression  biologically  by  XC  plaque  test 
and  focus  induction. 

3)  Radioimmune  assays  for  viral  antigens. 

4)  For  the  isolation  of  provial  genomes,  DNA  is  extracted  from  tissue 
culture  cells  or  tumors  by  the  Marmur  technique,  except  that  proteinase 

K  is  used  instead  of  pronase,  since  higher  molecular  weight  DNA  is  obtain- 
ed by  this  modification. 

5)  For  isolation  of  the  viral  DNA  intermediate,  DNA  is  purified  by  the 
Hirt  procedure. 

6)  Transfection  of  DNA  utilizes  the  calcium  phosphate  technique  of 
Graham  and  Van  der  Eb  as  modified  by  Stow  and  Wilkie. 

7)  Virus  is  grown  in  sensitive  tissue  culture  cells  and  purified  by 
sucrose  density  centrifugation  in  a  zonal  rotor.   Isotopically  labeled 
single  stranded  viral  DNA  probes  are  synthesized  in  an  endogenous  reverse 
transcriptase  reaction  carried  o-.t  in  the  presence  of  antinomycin  D  or  in 
exogenous  reactions  following  purification  of  viral  RNA  on  sucrose  density 
gradients . 

8)  Nucleic  acid  hybridization  between  viral  probes  and  cell  DNA  is 
carried  out  in  liquid  and  analyzed  by  S]^  nuclease  and  hybrization  is 
performed  using  the  Southern  Technique  of  transferring  DNA  from  agarose 
gels  to  nitrocellulose  filters. 

9)  Infectious  DNA  is  treated  with  restriction  endonucleases  and  assayed 
for  residual  biologic  activity.   This  activity  is  then  correlated  with 
the  cleavage  pattern  of  viral  DNA. 

10)  Unintegrated  and  integrated  viral  genomes  are  molecularly  cloned 
and  amplified  in  prokaryotic  systems. 
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Results : 

1)  Using  molecularly  cloned  DNA  of  Harvey  murine  sarcoma  virus  (Ha-MuSV) , 
we  have  begun  to  define  the  functional  organization  of  the  viral  genome 
and  its  cellular  origins.   The  transforming  (src)  region  has  been  local- 
ized to  1.3  kbp  of  rat-derived  sequences  in  the  5'  half  of  the  viral 

half  of  the  viral  genome  by  viral  RNA  studies  of  cells  transformed  by 
cloned  viral  DNA,  by  assaying  the  transforming  efficiency  of  a  series  of 
cloned  insertion-deletion  mutant  viral  DNAs ,  and  by  the  inefectivity  of 
defined  sub-genomic  viral  DNA  fragments.   The  viral  p21  coding  region  has 
also  been  localized  to  this  segment,  which  indicates  that  this  is  the  src 
protein  of  the  virus.   The  ability  of  the  viral  terminal  repeat  sequence 
(TRS)  to  enhance  the  efficiency  of  transformation  of  the  src  gene  has 
been  demonstrated  directly.   The  viral  DNA  does  not  integrate  via  the  TRS 
under  these  conditions.   We  also  observed  a  500-fold  greater  transforming 
efficiency  when  the  TR.S  was  only  on  the  left  side  of  the  src  region  com- 
pared with  its  being  only  on  the  right  side  of  the  src  region.   The  most 
likely  explanation  for  these  results  is  that  the  TRS  represents  a  pro- 
moter of  RNA  transcription.   We  have  also  found  that  having  the  TRS  at 
each  end  of  the  integrated  viral  DNA  is  essential  for  the  high  efficiency 
rescue  of  Ha-MuSV  following  superinfection  with  a  helper-independent 
murine  leukemia  virus  (MuLV) . 

2)  In  studies  of  Friend-MuLV,  a  helper-independent  virus  which  induces 
erythroleukemia  in  mice  after  a  short  latent  period,  the  leukemogenic 
region  of  the  virus  has  also  been  more  clearly  delineated  genetically. 
A  cloned  sub-genomic  viral  fragment  composed  of  sequences  from  the  3' 
half  of  the  viral  genome  was  shown  to  contain  the  leukemogenic  activity 
if  Friend-MuLV  by  generation  of  recombinant  between  non-leukemogenic 
amphotropic-MuLV  and  this  viral  fragment.   This  region  of  Friend-MuLV 
includes  the  env  gene,  the  so-called  common  region,  and  the  TRS.   The 
relative  contribution  of  each  of  these  regions  to  the  leukemogenic  ac- 
tivity of  the  virus  is  now  under  study. 

3)  Structural  studies  of  endogenous  murine  leukemia  viruses  have  eluci- 
dated several  features  of  these  viruses.   A  detailed  restriction  endo- 
nuclease  map  has  been  developed  for  molecularly  cloned  infectious  AKR- 
MuLV  DNA.   Using  the  cloned  DNA  as  a  source  for  radioactively-labeled 
virus-specific  probes,  the  Southern  blotting  technique  has  been  employed 
to  derive  physical  maps  for  a  number  of  MuLVs .   The  ecotropic  MuLVs  iso- 
lated from  several  inbred  mouse  strains  and  from  the  wild  Asian  mouse 
Mus  musculus  mollosinus  are  highly  related;  this  result  suggests  that 
these  viruses  have  a  common  ancestor.   The  physical  maps  of  ecotropic 
MuLVs  isolated  from  wild  California  mice  and  from  the  wild  Asian  mouse 
Mus  castaneous  differed  considerably  from  those  mentioned  above.   Physi- 
cal maps  of  xenotropic  and  amphotropic  MuLV  DNA  have  also  been  derived; 
their  maps  differ  from  ecotropic  MuLV  throughout  their  length,  but  par- 
ticularly in  the  right-hand  3  kbp  of  the  viral  DNAs.   The  TRS  of  the 
MuLVs  are  heterogenous  with  regard  to  size  and  sequence  organization. 
Two  different  sized  TRS  (about  570  and  620  bp)  have  been  noted.   Some 
virus  preparations  contain  a  TRS  of  only  one  size,  while  others  contain 
both  sizes. 
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The  knowledge  of  the  physical  maps  of  the  viral  DNAs  has  been  used  to 
study  the  structure  of  endogenous  viral  DNA  sequences  in  normal  mouse 
cells.   A  400  bp  DNA  segment  from  the  env  region  of  the  cloned  ecotropic 
viral  DNA  has  been  found  which  hybridizes  selectively  with  ecotropic 
viruses.   Using  these  sequences  and  other  defined  viral  DNAs  as  specific 
viral  probes  and  restriction  endonuclease  digestion  of  cell  DNA,  we  have 
deduced  that  in  normal  cells  endogenous  ectropic  MuLV  DNAs  are  present  as 
virtually  complete  linear  viral  genomes.   In  at  least  some  mice,  the  left- 
hand  TRS  may,  however,  be  different  from  that  found  in  transcriptionally 
active  viral  genomes.   The  biological  consequences  of  these  differences 
are  under  study. 

4)   An  in  vitro  tumorigenic  transformation  assay  has  been  developed  for 
bovine  papilloma  viruses  (BPV)  types  1  and  2.   This  assay  utilizes  either 
of  two  mouse  cells  lines  -  NIH  3T3  or  C127  -  as  the  indicator  cell.   Both 
of  these  lines  are  also  susceptible  to  transformation  by  BPV  DNA.   A  69% 
molecularly  cloned  sub-genomic  fragment  of  BPV  DNA  has  been  found  which 
is  capable  of  transforming  both  cell  lines.   These  results  indicate  that 
only  part  of  the  BPV  genome  is  required  for  the  induction  and  maintenance 
of  transformation.   Further  study  of  the  transforming  region  of  the  viral 
DNA  is  in  progress. 

Significance  to  Cancer  Research: 

Papilloma  viruses  are  a  common  cause  of  epidermal  tumors  in  man.   Some 
lesions  induced  by  these  viruses  may  undergo  malignant  conversion.   Vir- 
tually nothing  is  known  about  the  functional  organization  of  the  genomes 
of  these  viruses  nor  how  lesions  progress  from  a  benign  to  a  malignant 
state.   The  definition  of  a  transforming  region  for  BPV  DNA  represents 
a  first  step  towards  understanding  how  these  tumors  are  formed  and  change. 
Our  results  indicate  that  the  transforming  function  is  limited  to  a  spe- 
cific region  of  the  viral  genome  and  that  transformation  can  occur  in- 
dependently of  viral  replication.   Further  studies  will  attempt  to  define 
any  viral  gene  product (s)  associated  with  transformation  and  to  relate 
the  bovine  system  to  human  papilloma  viruses.   This  approach  may  lead 
directly  to  improved  specific  therapy  for  papilloma  virus  infection. 

C-type  retroviruses  have  been  implicated  in  tumors  of  a  wide  variety  of 
species,  including  man.   The  murine  viruses  of  this  group  represent  the 
best  studied  mammalian  retroviruses;  therefore  they  are  an  excellent 
system  for  the  study  of  retrovirus  induced  tumorigenesis.   Because  retro- 
viruses are  composed  of  endogenous  gene  sequences,  understanding  how 
their  expression  leads  to  oncogenic  transformation  may  be  relevant  to 
non-virus  induced  tumorigenesis  as  well.   The  cellular  control  of  gene 
expression  is  also  a  fundamental  problem  of  tumor  cell  biology.   Infor- 
mation in  this  area  will  be  critical  to  understand  how  eukaryotic  genes 
are  at  different  times  unexpressed,  induced,  or  constitutively  expressed, 
and  will  bear  directly  on  the  approaches  which  will  be  undertaken  in  the 
future  to  prevent  or  treat  malignant  disease  of  viral  or  non-viral  origin. 
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Our  studies  have  localized  the  src  region  of  Ha-MuSV  to  the  5'  end  of 
the  virus,  while  it  is  located  at  the  3'  end  in  Moloney-MuSV  and  Rous 
Sarcoma  Virus.   Therefore,  the  transforming  regions  of  retroviruses  may 
be  located  at  different  sites  topographically  along  the  viral  genome. 
Regardless  of  their  location  in  the  virus,  the  src  sequences  o£  all  these 
viruses  are  highly  conserved  evolutionarily  and  are  present  in  normal  cell 
j-enomes  (sarc) .   The  precise  role  of  the  non-src  sequences  of  the  virus 
in  rendering  the  endogenous  sarc  sequences  oncogenoic  remains  to  be  elu- 
cidated.  The  finding  that  the  viral  TRS  enhances  the  transforming  activity 
of  the  viral  src  region,  probably  by  virtue  of  its  being  a  promoter  of 
RNA  synthesis,  suggests  that  overproduction  of  a  normal  protein  may  be  an 
important  component  in  the  oncogenic  process.   A  comparative  structural 
and  functional  analysis  of  the  sarc  and  src  genes  and  their  protein  pro- 
duct should  yield  information  which  bears  directly  on  this  hypothesis. 
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We  have  examined  the  correlation  between  absolute  levels  of  circulating  immune^ 
complexes,  the  extent  and  severity  of  clinical  disease,  and  reticuloendothelial 
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effect  of  various  treatment  modalities  on  serum  levels  of  immune  complexes  an 
the  correlation  with  clinical  improvement. 
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Project  Description: 
Objectives : 

1)  To  further  characterize  circulating  immune  complexes  in  human  diseases 
with  regard  to  size  and  to  identify  the  nature  of  the  antigen. 

2)  To  develop  reliable  methods  for  specifically  purifying  immune  complexes. 

3)  To  continue  clinical  studies  of  immune  complex  diseases  and  to  further 
assess  the  effects  of  therapy  on  levels  of  immune  complexes  and  reticulo- 
endothelial system  clearance  function. 

4)  To  develop  immune  complex  assays  capable  of  detecting  soluble  IgA  and 
IgM  containing  complexes. 

5)  To  examine  the  relationships  between  immunologic  function  and  HLA 
antigen  expression  in  patients  and  normal  volunteers. 

6)  To  examine  the  biological  behavior  of  in  vitro  formed  IgA  immune  com- 
plexes in  animals. 

Material: 

Serum,  red  blood  cells  and  skin  biopsies  from  patients  and  controls  will 
be  used.   Purified  human  Clq,  Raji  cells,  and    I  (Bolton-Hunter  reagent) 
and  specific  antisera  are  used  in  the  immune  complex  assays.   Purified 
IgG  fraction  of  anti  Rh(D)  human  antiserum  and  ->lcr. 

Methods  Employed : 

1  5I-Clq  binding  assay,  Raji  cell  IgG  radioassay,  Raji  cell  IgA  radio- 
assay,  direct  and  indirect  immunofluorescence,  Fc  specific  reticuloendo- 
thelial system  clearance  assay,  column  chromatography,  sucrose  density 
gradient  ultracentrifugation. 

Major  Findings: 

1)  We  have  demonstrated  that  a  high  percentage  of  patients  with  Sjogren's 
syndrome  (SS)  have  circulating  immune  complexes. 

2)  The  immune  complexes  (IC)  in  SS  patients  are  distinct  from  IgG  and  IgM 
rheumatoid  factor. 

3)  The  IC  are  predominantly  IgG  in  type. 

4)  Some  patients  with  SS  have  an  Fc  specific  reticuloendothelial  system 
(RES)  clearance  defect. 

5)  The  RES  clearance  defect  in  the  SS  patients  correlates  with  the  extent 
of  clinical  disease  but  not  with  the  amount  of  circulating  IC. 
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6)  A  high  percentage  of  patients  with  acute  schistosomiasis  have  been 
shown  for  the  first  time  to  have  circulating  IC,  as  opposed  to  relatively 
few  patients  with  chronic  schistosomiasis. 

7)  The  levels  of  IC  in  patients  with  acute  and  chronic  schistosomiasis 
paralleled  the  degree  of  clinical  disease  activity  between  the  two  groups. 

8)  The  IC  in  acute  schistosomiasis  contained  relatively  large  amounts 
of  IgG  and  IgM  but  specific  parasite  antigens  could  not  be  defined. 

9)  The  level  of  circulating  IC  in  patients  with  acute  schistosomiasis  is 
inversely  correlated  with  the  absolute  eosinophil  count,  and  observation 
compatible  with  the  hypothesis  that  a  functional  role  for  the  eosinophil 
is  the  destruction  and  elimination  of  IC. 

10)  We  have  demonstrated  for  the  first  time  that  patients  who  have 
necrolytic  migratory  erythema,  until  now  considered  to  be  a  pathogonomonic 
marker  ofo^-cell  tumors  of  the  pancreas,  need  not  have  a  glucagonoma. 

11)  Patients  with  the  hypereosinophilic  syndrome  demonstrate  a  variety  of 
immunologic  abnormalities  such  as  elevated  serum  levels  of  IgE,  complement 
abnormalities  and  soluble  IC  which  may  be  primarily  or  secondarily  related 
to  the  pathogenesis  of  this  disease. 

12)  We  have  described  a  new,  distinctive,  relatively  common  pruritic 
cutaneous  eruption  of  the  third  trimester  of  pregnancy  and  have  termed  it 
pruritic  urticarial  papules  and  plaques  of  pregnancy. 

13)  We  have  developed  a  new,  sensitive  radioimmunoassay  for  detecting 
IgA  immune  complexes  in  biologic  fluids. 

14)  We  have  detected  soluble  IgA  immune  complexes  in  the  sera  of  patients 
with  systemic  lupus  erythematosus,  Henoch-Schonlein  purpura,  gluten  sen- 
sitive enteropathy  and  dermatitis  herpetiformis. 

15)  We  have  demonstrated  an  Fc  receptor  reticuloendothelial  system 
clearance  defect  in  50%  of  patients  with  dermatitis  herpetiformis. 

16)  We  have  determined  that  a  high  percentage  of  patients  with  onchocer- 
ciasis have  IgG  circulating  immune  complexes.   The  complex  levels  are 
reduced  by  therapy  with  diethylcarbamazine. 

17)  We  have  determined  that  a  high  percentage  of  patients  with  essential 
mixed  cryoglobulinemia  ( MC)  have  large  amounts  of  circulating  immune  com- 
plexes. 

18)  A  large  portion  of  these  immune  complexes  in  MC  are  noncryoprecipi- 
table  in  addition  to  those  that  are  cryoprecipitable. 

19)  The  immune  complexes  in  MC  are  mainly  of  the  IgG  type. 


1128 


Z01  CB  03666-02  D 

20)  Partially  purified  immune  complexes  from  some  patients  with  MC 
contain  hepatitis  B  surface  antigen  suggesting  that  this  may  be  an 
important  antigen. 

21)  We  have  found  that  in  sequential  studies  of  patients  with  clini- 
cally apparent  hepatitis  B  infections  that  all  patients  develop  circu- 
lating immune  complexes.   The  levels  and  time  course  of  appearance  of 
immune  complexes  correlate  with  the  time  of  peak  disease  activity  and 
peak  levels  of  hepatitis  B  surface  antigen  in  the  serum. 
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